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 This study was an investigation of the overall environmental impact as a result of 
a beef processing facility being located in the Wisconsin Rapids West-side Industrial 
Park.  The main purpose of this survey was to determine whether the Wisconsin Rapids 
Wastewater Treatment Facility, a POTW could accommodate the additional water usage 
and contaminant loadings that would be introduced as a result of this proposed processing 
plant.  Also, other factors, such as water usage, chemical and organic loadings, and 
treatment technologies are identified, quantified, and evaluated according to the specific 
information known about the facility proposed by Quality Beef Processors, LLC.    
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 Overall water usage was estimated at between 500,000 and 750,000 gallons per 
day, with 80-95 percent of this discharged into wastewater streams as effluent.  These 
effluents are relatively high strength, with biochemical oxygen demands (BOD) and total 
suspended solids (TSS) concentrations much higher than other industries.  This is due to 
the presence of blood and manure in wastewater streams, since both of these components 
are readily biodegradable in the environment as well as treatment systems.   
 Chemical usage was also estimated and evaluated according to available data 
from the meat processing industry.  While chemicals are used in moderate amounts as 
detergents and other cleaning compounds, their concentrations are not regulated 
according to the NPDES permit held by the POTW facility.  Currently available control 
practices and treatment technologies are effective enough to reduce these levels to 
concentrations that are at or below industry averages. 
 Treatment technologies, including primary, secondary and tertiary treatments, are 
widely used in the meat processing industry to reduce contaminant concentrations to 
levels that are easily handled by POTW facilities.  Pretreatment standards for new 
sources (PSNS) technologies have been shown in industry document to be up to 99.9 
percent effective in removing pollutants of concern.  These reduction levels are more than 
sufficient in order to produce effluent strengths that are easily treatable by POTW 
facilities.   
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CHAPTER ONE 
Research Problem and Objectives 
Introduction 
 In the 19th and early 20th centuries, archaic “slaughterhouses” were places of filth 
and disease, where hundreds of thousands of head of cattle were kept, killed, and 
processed to feed the growing population’s hunger for beef and beef products.  With the 
advance of technology, these facilities have become more efficient, cleaner places to 
work, and the surrounding environment has become more livable as well.  Even with 
these advances in technology, there are also associated wastes that are as common in the 
21st century as they were in the 19th century (Conner, Dietrich and Williams, 2000).   
 The modern beef processing facilities, as slaughterhouses have come to be called, 
still require large amounts of groundwater to operate, due to the strict cleanliness and 
hygiene standards set forth by the United States Department of Agriculture (USDA) and 
the Food and Drug Administration (FDA).  Beef processing facilities must be cleaned and 
sanitized every eight-hour shift and because of this, cleaning products, animal wastes, 
and thousands of gallons of water are introduced into currently-used wastewater streams 
and publicly-owned treatment works (POTW’s) (Environmental Protection Agency 
(EPA), 2002).  This would cause one to wonder the extent that processors control the 
chemical and biological contaminants being introduced into the wastewater streams. 
 Quality Beef Processors, LLC is a beef growers’ cooperative based in central 
Wisconsin, and due to the central location of Wisconsin Rapids, as well as the nearness 
of many agricultural areas, has proposed to locate a facility in the West-side Industrial 
Park.  This facility would draw 500,000 to 750,000 gallons of water daily from the city’s 
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well systems (Rahn, 2003), with a large portion of this water being returned to the 
treatment system as wastewater effluents.  According to a 1995 study by the Meat 
Research Corporation (MRC), as referenced by the Waste Reduction Resource Center 
(WRRC), 80 to 95 percent of the total freshwater consumption is returned as wastewater 
effluents.  This increased water demand, as well as the associated wastewater effluents, 
would likely overwhelm the capabilities of the Wisconsin Rapids Wastewater Treatment 
facility, a publicly-owned treatment work, without additional facilities being built.  
Purpose of the Study 
The purpose of this study will be to examine the extent that the publicly owned 
treatment work in Wisconsin Rapids can accommodate the additional water, chemical 
and organic contaminant load that would be imposed into the system as a result of a beef 
processing plant bring located within the West-side industrial park.   
Goals of the Study 
 The goals of this study are as follows: 
? Determine the maximum water usage available for use by the beef processing 
facility, 
? Weigh the chemical contaminant load resulting from the proposed facility against 
the current capabilities of the POTW, 
? Obtain data concerning the amount of organic wastes that would be introduced 
into the system using biochemical oxygen demand (BOD) and total suspended 
solids (TSS) as benchmarks, and 
? Ascertain the associated costs of additional treatment requirements on Quality 
Beef Processors, LLC as well as the city of Wisconsin Rapids.  
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Background and Significance 
 While the topic of increased wastewater effluents from the beef processing 
industry is of significance for all residents of areas near rural, agricultural centers where 
these facilities may exist, it is also significant for those residents of areas where proposed 
beef plants may locate.  In the area around Wisconsin Rapids, WI, for example, residents 
are in an uproar over the proposed site of a beef processing facility, which would draw 
approximately 150 million gallons of groundwater annually and contribute hundreds of 
thousands of gallons of waste into the sewer system and the environment, similar to the 
site that was proposed in Adams County in 1999 (saveadamscounty.net/factsheet.html). 
Other beef processing facilities in the state have been a boost to the local 
economies of the towns and cities where they are currently located, but due to the 
unavailability of relevant information concerning the proposed facility, as well as the 
industry in general, many people are apprehensive, even frightened of the 
“slaughterhouse” being built in their backyard.  While there are also other concerns 
relating to the proposed processing facility, such as high industry injury rates, air 
emissions, odors, and the influx of migrant workers, these topics will not be addressed in 
this study. 
Assumptions and Limitations 
 The main assumption of this study is the willingness of Quality Beef Processors, 
LLC to build the proposed facility according to the standards set out in local, state and 
federal regulations, as well as the accuracy of the information being released to the public 
relating to their industry and the proposed facility.  Another assumption would be that the 
company would honor their initial commitment to build a pre-treatment facility at an 
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estimated cost of $2,000,000, which would serve to reduce the overall contamination 
levels emitted into the city’s wastewater treatment facility.  If this facility is not built as 
planned, this study would be moot, as the wastewater streams would easily overwhelm 
the POTW’s detoxifying capabilities.   
 There are also some associated limitations of this study which may affect the 
overall results based on various assumptions that must be made.  For example, the 
relative limited availability of specific information forces the researcher to make 
estimates based on industry values that may not apply to the Quality Beef facility.  Also, 
the given amount of $2,000,000 set aside for the construction of the proposed 
pretreatment facility may or may not include capital costs, which are estimated at 169 
percent of the construction costs.  This information was not made public by Quality Beef, 
and therefore, construction and capital costs may vary by up to $1,300,000. 
Definition of Terms 
? Biochemical oxygen demand (BOD) – a measure of the quantity of dissolved 
oxygen consumed by microorganisms due to the breakdown of biodegradable 
constituents in wastewater over 5 days (COWI Consulting Engineers and 
Planners AS, 2001) 
? Chemical oxygen demand (COD) – a measure of the quantity of dissolved 
oxygen consumed during chemical oxidation of wastewater (COWI 
Consulting Engineers and Planners AS, 2001) 
? Complex slaughterhouse – a facility that undertakes extensive byproduct 
processing, usually at least three of such operations as rendering, paunch and 
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viscera handling, blood processing, hide processing, or hair processing (State 
of New York, 1997) 
? Equivalent live weight killed (ELWK) – the total number of animals 
slaughtered at locations other than the slaughterhouses or packaging houses 
which animals provide hides, blood, viscera or renderable materials for 
processing at that slaughterhouse in addition to those derived from animals 
slaughtered on site (State of New York, 1997) 
? First processing – Operations which receive live meat animals or poultry and 
produce a raw, dressed meat or poultry product, either whole or in parts (EPA, 
2002) 
? Hot boning – the process by which meat is cut away from the bone while the 
carcass is still warm (COWI Consulting Engineers and Planners AS, 2001) 
? Hot standard carcass weight (HSCW) – the weight of the carcass after 
evisceration and hide removal and before further processing.  This value is 
typically 75% of the LCW (Waste Reduction Resource Center, 2003)  
? Live carcass weight (LCW) – the total weight of an animal prior to slaughter 
(Waste Reduction Resource Center, 2003)  
? Live weight killed (LWK) – The total weight of the total number of animals 
slaughtered during a specific time period (EPA, 2002)  
? National Pollutant Discharge Elimination System (NPDES) – authorized by 
Sections 307, 318, 402, and 405 of the Clean Water Act, this act applies to 
facilities that discharge wastewater directly to United States surface waters 
(EPA, 2002) 
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? Offal – the edible internal parts of an animal, such as the heart, liver, and 
tongue (Collins English Dictionary, 2000) 
? Process wastewater (or wastewater) – Any water which, during red meat or 
poultry operations, comes into direct contact with or results from the storage, 
production, or use of any raw material, intermediate product, finished product, 
by-product, or waste product. Wastewater from equipment cleaning, direct-
contact air pollution control devices, rinse water, storm water associated with 
industrial activity, and contaminated cooling water are considered to be 
process wastewater. Process wastewater may also include wastewater that is 
contract hauled for off-site disposal. Sanitary wastewater, uncontaminated 
non-contact cooling water, and storm water not associated with industrial 
activity are not considered to be process wastewater (EPA, 2002) 
? Publicly owned treatment works (POTW) – A treatment works as defined by 
section 212 of the Clean Water Act, which is owned by a State or municipality 
(as defined by section 502(4) of the Clean Water Act). This definition 
includes any devices and systems used in the storage, treatment, recycling and 
reclamation of municipal sewage or industrial wastes of a liquid nature.  It 
also includes sewers, pipes and other conveyances, only if they convey 
wastewater to a POTW treatment plant. The term also means the municipality 
as defined in section 502(4) of the Clean Water Act, which has jurisdiction 
over the indirect discharges to and the discharges from such a treatment works 
(EPA, 2002) 
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? Simple slaughterhouse – a slaughterhouse that accomplishes little, if any 
byproduct processing (State of New York, 1997) 
? Slaughterhouse – A plant that slaughters animals and has as its main product 
fresh meat as whole, half, or quarter carcasses, or smaller meat cuts (EPA, 
2002) 
? Total kjeldahl Nitrogen (TKN) – A standard test for nitrogen availability in 
organic materials.  This does not differentiate between nitrogen from proteins 
and from other sources (Randolph Packing Co., 1986) 
Summary 
 The Wisconsin Rapids Wastewater Treatment facility, a POTW, has limited 
treatment capabilities that may be overwhelmed by the effluent streams that would be 
discharged from a meat processing facility, or abattoir, proposed by Quality Beef 
Processors, LLC.  An explanation of the beef processing industry, descriptions of the 
characteristics and common chemical constituents of effluents, detailed information 
relating to best available technology (BAT), and currently available treatment 
technologies will be identified and described in Chapter two. 
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CHAPTER TWO 
Review of Literature 
Background 
As was delineated in chapter one, the purpose of this study will be to examine the 
extent that the publicly owned treatment work in Wisconsin Rapids can accommodate the 
additional water, chemical and organic contaminant load that would be imposed into the 
system as a result of a beef processing plant bring located by Quality Beef Processors, 
LLC within the West-side industrial park.  The main goal of this section will be to 
explain the beef processing industry, further allowing the researcher and those affected 
individuals to analyze better the point at which specific contaminants are being 
introduced into the wastewater effluent streams.  Also addressed will be the specific 
contaminants and their chemical or biological nature, and providing a description of 
currently available controls designed to reduce or eliminate these wastes.  
Facility Types and Functions 
Due to the fact that there are many types of facilities currently used for processing 
and preparation of beef and beef-related products, it is important to understand these 
various types of facilities and their overall place in the beef processing industry.   
Slaughterhouses or Abattoirs 
Abattoirs and slaughterhouses are interchangeable words and are essentially 
synonymous with each other.  These are plants which slaughter livestock and dress 
carcasses only, with limited or no processing of byproducts (COWI Consulting Engineers 
and Planners AS, 2001).  These plants often produce only dressed carcasses, which are 
then sold wholesale to private butchers or other meat processing plants for further 
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preparation.  However, it is not uncommon for abattoirs to undertake boning and other 
simple preparation processes to produce retail cuts, fit for sale directly to supermarkets 
and other commercial distribution centers (Randolph Packing Company, 1986).   
Meat Processing Plants 
 Meat processing plants complete the same slaughtering processes as abattoirs, but 
also complete further processing of meat and byproducts into other marketable products, 
including steaks, sausages, and ground meats.  Rendering is another process that 
commonly takes place in facilities that are considered complex slaughterhouses.  By 
definition, a complex slaughterhouse is one that has operations with three or more 
byproduct recovery activities, which may include rendering, offal processing, and the like 
(EPA, 2002). 
Rendering Plants 
 Rendering plants are those facilities that engage in processes which serve to 
convert the animal “scraps” into products which are useful to consumers (Waste 
Reduction Resource Center, 2003).  The rendering process itself involves cooking, 
separating, and drying of edible and inedible animal derivatives into substances which are 
then sold to wholesalers or retail distributors for consumer use.  Those facilities which 
render edible byproducts process fats and fatty tissues into edible fats and proteins, which 
includes lard, commonly used for cooking.  Inedible rendering uses a similar process, 
where the fatty tissues are either boiled (wet rendering) or dehydrated (dry rendering) 
before the fat is separated from the proteins.  Currently in the United States, only dry 
rendering is used due to concerns about energy usage and the quality of the fats produced 
from wet rendering. 
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Byproducts and Other Processing Plants   
 Other inedible products are also recovered from abattoirs, either at the facility, or 
at other specialized plants (Waste Reduction Resource Center, 2003).  Since there is a 
large quantity of blood that is normally discharged into sewers and wastewater treatment 
facilities, blood collection and processing is also widely practiced.  This is done not only 
as a source of income, but also to reduce the quantity and strength of wastewater 
effluents.  An effective blood collection system alone can serve to lower the facility’s 
pollution load by 40 percent, due to blood’s high biochemical oxygen demand (BOD) 
(Nielsen, 1989 referenced by Waste Reduction Resource Center, 2003).  Whole blood is 
recovered from exsanguination (total draining of blood) of the cattle and is used to 
recover proteins, which are then used as blood meal, a key ingredient in animal feeds.  
This is due to the high nutrient content of blood.  Many of the other byproducts are also 
processed further into valuable products.  A few examples of these products are: 
? Pet food is created from the viscera of the animals,  
? Gelatin is processed using the heads of the cattle, 
? Meat meal, sometimes used in animal feeds, is created from hooves and bone, 
? Glue can be made from hides and blood meal, and 
? Blood can be made into small goods like adhesives. 
As was stated previously, utilizing these waste byproducts not only serves as an 
additional source of income, but also assists in pollution prevention, as those components 
that would normally be introduced into wastewater streams are reclaimed and reused.    
 While there are many different types of “beef processing facilities,” the proposed 
plant in Wisconsin Rapids will be considered a simple slaughterhouse.  By definition, a 
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simple slaughterhouse accomplishes little or no byproduct processing.  In the proposed 
facility, usable waste byproducts such as blood and fatty tissues would be transported to 
other facilities for further processing (Wisconsin Rapids Common Council, 2003).   
Overview of Slaughtering and Beef Processing 
 There are many processes that are conducted to bring an animal from field to 
table, but for ease of understanding, only those processes that will be conducted by the 
proposed Quality Beef plant will be addressed in this study.  The average live steer 
weighs approximately 1000 pounds and yields about 450 pounds of post-processing beef 
(Waste Reduction Resource Center, 2003).  However, since not all cattle to be 
slaughtered are steers, it should be noted that the live weight can range from 550 to 1300 
pounds, depending on the age and breed of the cattle used.   
The basic slaughtering process has become much more efficient and streamlined 
over the past several years, and the average abattoir can process approximately 350 head 
per hour, which would equate to 2800 head per day, assuming an eight-hour processing 
shift (COWI Consulting Engineers and Planners AS, 2001).  At the proposed site, 1000 
head per day would be processed, equaling 125 head per hour with an eight-hour shift.   
Transportation and Delivery of Livestock 
According to the proposal from Quality Beef Processors, LLC, approximately 
1000 head of cattle per day will be trucked in and processed, with no cattle stored for any 
length of time in on-site feedlots (Rahn, 2003).  On-site storage of cattle is not done to 
reduce the amount of manure that would accumulate were animals to be stored in feedlots 
for an extended period of time.  The processors commonly schedule delivery of animals 
on a continuous basis to provide for a constant supply of cattle for slaughter and 
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processing (Waste Reduction Resource Center, 2003).  Commonly, animals are stored in 
holding pens for approximately one day before slaughter, which serves to eliminate the 
need for feeding and reduce the accumulation of manure in the holding pens, although 
this practice will not be done at the Wisconsin Rapids facility, due to concerns over 
groundwater contamination and odor (Wisconsin Rapids Common Council, 2003).   
As a result of these concerns, the animals will be unloaded indoors, without the 
use of holding areas or feedlots.  The incoming cattle would be inspected, washed if 
necessary, and tested for antibiotics.  According to Richard Hauser, vice-president of the 
Wisconsin Cattleman’s Association, who was paraphrased in the minutes of the 
Wisconsin Rapids Common Council (2003), shipments of animals would be refused if 
animals were found to contain antibiotics, due to the danger of possible contamination 
and creation of drug-resistant strains of bacteria and other pathogens.  The animals would 
be trucked in on livestock haulers, unloaded, and the trucks would be cleaned thoroughly 
before being allowed to leave the facility.   
Pre-handling 
 Before the animals enter the facility, pre-handling is the first step in the overall 
processing operation to be conducted.  This is always done before the animals enter the 
slaughtering phase of processing.  The animals are inspected, and those that are sick or 
unfit for human consumption are removed from the facility, where they are placed into 
quarantine pens to avoid contamination of the rest of the animals.  The cows are then 
weighed live to enable accurate determination of yield before they are moved into the 
stunning and bleeding area (COWI Consulting Engineers and Planners AS, 2001).  
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Stunning and Bleeding  
The next processes are known as stunning and bleeding.  The cattle are led to the 
stunning area where they are rendered unconscious using either a bolt pistol or electric 
shock.  In the past, animals were stunned using firearms, but this process is no longer 
used extensively due to the increased usage of heads and head parts in inedible rendering, 
(Conner, Dietrich, and Williams, 2000).  Once the animal is stunned, they are shackled 
by a hind leg and hoisted onto an overhead rail or similar suspension device.   
The cattle are then submitted to a process which is interchangeably known as 
bleeding or sticking.  In this phase, one or more arteries are severed, and the animal is 
allowed to “bleed out,” which may take anywhere from two to ten minutes, depending on 
the level of cleanliness desired.  This bleeding out is also known as exsanguination.  The 
blood is drained into troughs or holding areas, where it is collected and taken for either 
disposal or further processing in sealed tanker trucks.  If blood is recovered and sold to 
rendering plants, the bleeding time is usually extended, which also serves to reduce the 
amount of blood present in the wastewater streams (Sustainable Alternatives Network, 
1998).   
Dressing and Hide Removal  
After the animals have been completely bled out, they are then moved along 
another conveyor to the slaughter hall where dressing and hide removal take place.  This 
can either be done while the animal is attached to the overhead rail, or the animal can be 
removed and placed in a cradle.  In the dressing stage, the head and hooves are removed 
to prevent contamination of the carcass by dirt and manure dropped from the hooves.  
The head is cleaned with high-pressure water, and the brain and tongue are removed for 
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use as edible offal (Waste Reduction Resource Center, 2003).  The hide remaining on the 
animal is then removed by workers with either electric or air-powered rotary skinning 
knives.  The hides are then removed from the process room and preserved by salting or 
chilling before they are shipped for leather processing (Randolph Packing Company, 
1986). 
Evisceration   
 After the hide has been removed from the animal, the skinned, blood-free 
carcasses are then opened to remove the viscera (internal body organs) in a process called 
evisceration.  The abdomen is opened from the top down and the organs are loosened and 
removed from the body.  The remaining organs are then inspected, and the stomach and 
intestines are cleansed to remove any remaining manure.  The intestines are again 
thoroughly cleaned before they are eventually sent off for further processing (COWI 
Consulting Engineers and Planners AS, 2001).  The removed organs are sorted into 
edible offal and waste materials.  The waste materials, such as hair, hide, or inedible 
offal, are then collected and sent to a rendering facility for further processing.   
Once the organs have been completely removed, a handsaw or other cutting tool 
is used to cut the carcass in half along with backbone to create what is commonly known 
as a “side of beef.”  The beef sides are then washed again to remove any visible manure, 
blood, or bone dust before they are physically or chemically decontaminated.  Physical 
decontamination method involves subjecting the carcass to high-pressure water or steam, 
while chemical decontamination involves using acetic or lactic acids, or solutions 
containing chlorine, hydrogen peroxide, or other inorganic acids (Waste Reduction 
Resource Center, 2003).   
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Cutting and Boning 
 The cleaned sides of beef are then sent to an area where they are boned. By 
definition, boning is the process when meat is manually cut away from the bone.  This 
can either be done after the carcass has been refrigerated or directly following 
evisceration and decontamination.  Historically, the meat was refrigerated, since a cold 
carcass was easier to handle and cut, but due to advances in technology, this cooling of 
the side is not necessary and boning can be done immediately in a procedure known as 
“hot boning” (COWI Consulting Engineers and Planners AS, 2001).   
 In the past, bone and meat removal was the last process done in the facility.  Beef 
remained in sides until it was received by the butcher, who then cut up the side into 
primal joints or wholesale cuts, which were then suited for retail sales.  However, the 
current practice is to break down the side into primal joints, then vacuum pack the meat 
and prepare for shipment.  This was performed to reduce refrigeration and shipping costs, 
but was also convenient for those retailers who would be receiving the products.   
Inspection  
After boning and any associated meat cutting is completed, the meat, whether it 
be in sides or primary joints is then taken to an inspection area where the meat and edible 
offal are inspected to see if fit for human consumption.  The carcass and its waste 
products are kept together whenever possible until inspection is complete.  This is 
because if one part of the processed animal fails inspection, it is most likely that the 
entire animal will fail as well (Waste Reduction Resource Center, 2003).    
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Figure 1 illustrates the elements of the processing phase used in slaughterhouses, 
with associated wastes and process byproducts recovered or reclaimed (COWI 
Consulting Engineers and Planners AS, 2001):   
Figure 1 
Processing Phase Wastes and Byproducts 
    Beef Cattle 
Reception and 
washing if Manure
necessary 
Stunning and 
Blood Blood processing bleeding 
Dressing (head, hoof 
and hide removal) 
Heads, hoofs
Hides Hide preservation 
 Edible offal Offal processing 
 Casings Casings processing 
Evisceration Paunch manure Composting 
Inedible offal
Chilling Rendering 
Cutting and boning 
Bones and fat
Meat for consumption 
 
Figure used with permission from COWI Consulting Engineers and Planners AS, 2001 
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Cleaning Phase 
 With the completion of the previously listed processes, the next phase is cleanup.  
The daily schedule for meat processors consists of one or two eight-hour production and 
processing shifts followed by a six- to eight-hour cleanup shift.  During this process, the 
equipment, walls, floors and work surfaces are cleaned, scrubbed and sanitized, and then 
re-rinsed (EPA, 2002).  Commonly-used cleaning schedules involve the following 
processes: 
? Equipment and floors are roughly hosed down or manually scraped to remove 
solid wastes and other easily removed materials.  This process can be done with 
or without water, which differentiates between wet and dry cleaning.  Dry 
cleaning is preferred by a wide margin, as the wet process unnecessarily 
introduces large volumes of high-strength wastes into the treatment systems 
(COWI Consulting Engineers and Planners AS, 2001).   
? Following the initial cleanup, detergents and foam are applied to scrub the wastes 
from the surfaces, as well as to essentially disinfect the work surfaces. 
? The detergent applications are then washed and scrubbed to remove the 
chemicals, which are normally alkaline in nature to remove fats and proteins from 
the plant and work surfaces.  These chemicals are commonly removed by hosing, 
scraping, or a combination of the two.   
? The final step in cleanup is a fresh water rinse, which effectively removes all 
traces of chemicals and wastes from the surfaces, which are then ready for the 
next processing shift to commence (COWI Consulting Engineers and Planners 
AS, 2001). 
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Areas that have high levels of fatty tissue residues, such as boning and other 
cutting areas usually require high volumes of water to remove the normally very sticky 
wastes.  However, using high-pressure, low-volume water at approximately 60 degrees 
Celsius (140 degrees Fahrenheit) completes the process most effectively and 
economically (COWI Consulting Engineers and Planners AS, 2001).  Using any 
temperature higher than the above-prescribed levels only adds to losing water as a result 
of condensation without increasing cleaning efficiency (McNeil and Husband, 1995, 
referenced by COWI Consulting Engineers and Planners AS, 2001).   
Continuous Cleaning Processes 
In addition to the cleaning shift that occurs at the end of the processing shift, 
knives and other pieces of equipment, including the operators’ hands, are continuously 
washed and sterilized throughout production (EPA, 2002).  Hygiene regulations set by 
the USDA require that knives are sterilized in hot water bowls and that the water be 
replaced at set intervals.  Hand wash basins provide a flow of hot water at between 35 
and 43 degrees Celsius (C) (95 to 110 degrees Fahrenheit (F)) at a flow of approximately 
four gallons per minute (gpm), which is controlled by thigh or pedal operated controls.  
However, in order to conserve water as much as possible, computer-controlled units are 
also widely available (COWI Consulting Engineers and Planners AS, 2001).  Knife 
sterilizers can be either spray-type or bowl-type systems, and must contain water that is 
continually replaced to maintain a temperature of about 82 degrees C (180 degrees F).   
Knife sterilizers and hand wash stations are placed in easily accessible locations at 
workstations, on slaughter floors and in other processing areas for ease in maintaining 
cleanliness. 
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 Cleaning and other hygiene-related requirements are by far the daily processes 
that require the greatest amount of water, and also those that contribute the highest 
contaminant loads into the wastewater effluent streams (COWI Consulting Engineers and 
Planners AS, 2001).  Cleaning is one of the most water-intensive processes in abattoirs, 
contributing 20 to 25 percent towards the total water consumption in slaughterhouses.  
Due to the nature of the waste materials, including blood, paunch, and stomach contents, 
cleaning effluents contain not only high organic loads, but also high concentrations of 
chemicals from the detergents and disinfectants used.   
Characterization of Wastewater Streams 
 The chemical and biological components of wastewater streams themselves are 
also of great interest to the meat processing industry, due to their relative high strength in 
wastewater effluent streams.  The most notable environmental impact directly attributable 
to the industry involves the massive quantities of water used in abattoirs for cleaning, 
transport, and processing of meat and meat products (EPA, 2002).   
Water Usage 
As was stated in an article by Rahn (2003), the proposed Quality Beef facility will use 
between 500,000 and 750,000 gallons of water per day.  This high water demand will be 
spread out over the four well systems currently in use in Wisconsin Rapids, which will 
pose minimal adverse effects to the water levels in the city, according to Rick Skifton, 
general manager of the Water Works and Lighting Commission (Wisconsin Rapids 
Common Council, 2003).  As was stated previously in the description of the cleaning 
process, the majority of the wastewater generated comes from cleaning-related practices, 
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which are required by federal regulations (EPA, 2002).  Water is also used in many other 
meat processing practices, including the following: 
? Livestock watering and washing; 
? Truck washing; 
? Washing of casings, offal, and carcasses; 
? Transport of certain byproducts and wastes; 
? Cleaning and sterilizing of equipment; 
? Cleaning floors, work surfaces, and equipment; 
? Make-up water for boilers (use is higher among those facilities which undertake 
rendering and other byproduct recovery operations);  
? Cleaning of workers’ garments and personal protective equipment (PPE); and 
? Cooling of machinery (compressors, condensers, etc.) (COWI Consulting 
Engineers and Planners AS, 2000) 
According to worldwide surveys of water consumption per unit of production 
(LWK, HSCW, etc.), considerable variation is shown in water usage not only among 
facilities, but also among the industry itself (COWI Consulting Engineers and Planners 
AS, 2001).  One factor that is directly related to the amount of water used is the extent of 
cleanliness that is expected for the meat processed as well as the facility itself.  Meat that 
is produced for export, for example, may have stricter cleanliness requirements according 
to the country or countries that the meat is to be exported to.  This would cause the 
abattoir to consume more water in the cleaning and sanitizing phases than plants which 
are producing and processing beef for domestic use only (EPA, 2002).  According to 
Randy Jones, spokesperson for Quality Beef Processors, LLC the proposed facility would 
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produce beef for both domestic and export markets, which would vary the water 
requirements based on the target market.  Namely, more water would be needed for meat 
intended for export than would be required for meat intended for stateside consumption 
(Wisconsin Rapids Common Council, 2003).   
Variations in overall water usage among slaughterhouses in the United States can 
be demonstrated by a 1974 Environmental Protection Agency (EPA) study of large 
slaughterhouses (greater than 758,000 pounds LWK per day).  Wastewater flows ranged 
from 435 to 1500 gallons per 1000 pounds LWK, with a mean value of 885 gallons 
(EPA, 2002).  However, it should be noted that the preceding study addressed both beef 
abattoirs and mixed kill abattoirs (those which process hogs, poultry, or fish as well as 
beef).  Additionally, table 1, complied by the Meat Research Corporation (MRC) based 
on surveys of Australian abattoirs, breaks down water consumption according to the 
purpose and phase of processing (COWI Consulting Engineers and Planners AS, 2001): 
Table 1 
Breakdown of Water Consumption in Australian Abattoirs 
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 While there is no doubt that the large quantities of water used in the beef 
processing industry can be problematic to groundwater tables and municipal water 
supplies, another issue exists in the fact that in relative terms, the wastewater effluent 
streams from abattoirs are high strength, even after screening, in comparison to domestic 
wastewaters (EPA, 2002).  The principal components of meat processing wastewaters are 
biodegradable organic compounds, which serve to “choke” the oxygen out of POTW 
water treatment systems.  Primarily consisting of fatty tissues and animal proteins, these 
compounds can be present in both particulate and suspended forms (EPA, 2002).   
Wastewater streams in the meat processing industry are classified as low- or high-
strength due to their concentrations of the following biological and chemical 
contaminants, which will be individually explained later in this study: 
? Biochemical oxygen demand (BOD), commonly referred to as BOD5, which 
stands for the amount of oxygen demand over five days at a constant temperature, 
? Chemical oxygen demand (COD), 
? Total suspended solids (TSS), 
? Nitrogen, often referred to as Total Kjeldahl Nitrogen (TKN),  
? Phosphorus, and  
? Total fecal coliform bacteria, commonly given in colony-forming units (CFU) per 
volume of wastewater (EPA, 2002). 
Biochemical Oxygen Demand (BOD) 
Biochemical oxygen demand is of great importance to understand due to the 
organic natures of many of the waste materials emitted into wastewater streams by the 
meat processing industry.  For example, blood from beef cattle has an average BOD5 of 
23 
156,000 mg/L with approximately 32.5 pounds of blood produced and recovered per 
1000 pounds LWK (Grady and Lim, 1980, referenced by EPA, 2002).  Thusly, because 
of the relative “strength” of blood as a polluting agent, the efficiency of blood collection 
systems is directly related to the overall BOD5 level of the facility’s wastewater effluents.   
The manner in which manure, which includes both urine and feces, is handled at 
each respective facility is also a significant factor in determining the BOD of meat 
processing wastewaters (EPA, 2002).  The generally accepted value for the BOD5 of beef 
cattle manure is approximately 27,000 mg/kg of excreted manure, which, while it does 
not contribute to the BOD of the wastewater stream as greatly as blood, serves to toxify 
the effluent streams just the same.  Therefore, it is imperative that manure be handled 
carefully and treated as a hazardous waste product (American Society of Agricultural 
Engineers, 1999, referenced by EPA, 2002).   
Fats, oils, and grease (FOG) also contribute to the overall strength of the 
wastewater stream, and effective removal of these components from the effluents is 
imperative in keeping the BOD levels as low as possible (Randolph Packing Company, 
1986).  If fat is removed from wastewater by a physical elimination method, such as 
strainers or “fat traps” installed on drains, the fats and fatty tissues can be handled as a 
solid waste or a byproduct, which can be recovered and processed into usable products at 
a rendering facility.  When FOG is treated in solid form, it is much more easily handled 
and can be more readily recovered and reclaimed into valuable products.  If the FOG 
reached the wastewater treatment plants, its high BOD can contaminate the system 
quickly, as these compounds are readily biodegradable, especially in aerobic 
environments.  Highly biodegradable compounds, such as FOG components, are 
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damaging to POTW treatment systems due to the fact that they often overwhelm the 
treatment capabilities of bacteria used in activated sludge lagoons commonly used in 
POTW facilities (EPA, 2002).   
The method for determining BOD in process wastewaters is usually conducted in 
an indirect manner by calculating the concentration of oil and grease using Standard 
Methods APHA 1995 (EPA, 2002).  In this method, the concentrations of specific 
substances are not ascertained, instead focusing on groups of compounds with similar 
physical characteristics, which are determined quantitatively.  This method is commonly 
used for ease of calculations based on the compounds’ common solubilities in organic 
extracting agents, namely petroleum ether.  With recent advances in technology, 
petroleum ether has been replaced by trichlorofluoroethane (Freon) or n-hexane as an 
extracting agent, and oil and grease concentrations are today commonly reported as Freon 
or n-hexane extractable material (HEM) (EPA, 2002).   
Chemical Oxygen Demand (COD) 
Chemical oxygen demand (COD) is simply a measure of the quantity of dissolved 
oxygen consumed during chemical oxidation of wastewater, which may or may not be 
similar to biochemical oxygen demand (BOD).  In the past, due to the difficult nature of 
the EPA’s analytical method for determining COD, and the fact that previously used tests 
would themselves introduce hazardous materials into the wastewater stream, this was 
often not conducted.  However, with the addition of chemicals into the wastewater 
streams from cleaning and disinfecting, determining COD has become an important 
undertaking (COWI Consulting Engineers and Planners AS, 2001).  In an indirect 
manner, companies can determine the overall chemical concentration levels by testing for 
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specific compounds, such as nitrogen, phosphorus, and sodium that are known to be used 
in the workplace.  These compounds’ concentrations can be evaluated using available 
analytical methods, such as those used by the USDA or the National Institute of 
Occupational Safety and Health (NIOSH). 
Nitrogen 
Nitrogen is also a key component in wastewater streams, whether reported 
separately, or together as total kjeldahl nitrogen (TkN).  In TkN reporting, there is no 
differentiation between different forms of nitrogen, which may be present in organic 
nitrogen, nitrates, nitrites, or as a component of ammonia (COWI Consulting Engineers 
and Planners AS, 2001).  Blood and manure are the most significant sources of nitrogen 
in meat processing wastewaters (EPA, 2002).  Principally, nitrogen in these wastewaters 
is organic nitrogen with some ammonia nitrogen.  When samples are taken for nitrogen 
concentrations, typically some ammonia nitrogen is formed by microbes, which 
mineralize the more prevalent organic nitrogen.  Nitrate and nitrite nitrogen are normally 
present only in trace amounts, usually less than 1 mg/L, but these concentrations can 
increase if nitrites are used in certain further processing activities, such as curing of meats 
(EPA, 2002). 
Phosphorus   
Primarily, phosphorus and phosphorus-containing compounds are found in blood 
and manure, as well as in undigested stomach contents, which are removed during the 
evisceration phase.  Phosphorus can also be found as trisodium phosphate (sodium 
phosphate, tribasic), which is a common component of cleaning and sanitizing 
compounds and detergents (EPA, 2002).   
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Fecal Coliform Bacteria 
Total coliform bacteria, fecal coliform, and fecal streptococcus of bacteria are 
also present in large quantities, due to the presence of manure in meat processing 
wastewaters.  These bacteria are usually present in quantities of several million colony-
forming units (CFU) per 100 mL, but are not usually pathogenic.  However, they may 
indicate the possible presence of pathogens such as Salmonella ssp, Campylobacter 
jejuni, and gastrointestinal parasites, including Ascaris sp., Giardia lamblia, and 
Cryptosporidium parvum (EPA, 2002). 
Other Components of Wastewater 
While the above listed compounds are the key components in wastewater effluent 
streams, there are other compounds and chemicals which may be found in the meat 
processing industry in small quantities.  Mineral elements, such as copper, chromium, 
molybdenum, nickel, titanium, and vanadium may be found in wastewater, as these 
minerals may be sloughed off from water supply systems and mechanical equipment 
during processing and cleanup (EPA, 2002).  Also, certain pesticides such as Dichcorvos, 
malathion, and Carbaryl are commonly used un the production of meat processes to 
prevent external parasites.  However, there are withdrawal periods, specific to each 
antibiotic that must be adhered to under federal laws (7 U.S.C. 136 Et. Seq.), which serve 
to reduce the concentrations of antibiotics to non-detectable or trace levels.  As was 
stated previously by Richard Hauser, vice president of the Wisconsin Cattleman’s 
Association, entire loads of animals will be refused if any cattle are found to contain 
antibiotics when tested during pre-handling (Wisconsin Rapids Common Council, 2003).   
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Temperature and pH Variations 
 Various contaminants introduced into the influent streams also may be at lower or 
higher temperatures, with varied pH values.  Wastewater streams are characteristically 
warmer in temperature than domestic wastewaters, and these temperatures can vary 
significantly throughout the processing and cleaning phases of operations (Randolph 
Packing Company, 1986).  The process wastewater averaged about 32 degrees C (90 
degrees F), with variations according to the phase in processing.  The temperature was 
highest at 38 degrees C (100 degrees F) during the stunning and bleeding phase, and 
lowest during the cleaning phase at about 27 degrees C (80 degrees F).  Great variations 
were also shown in pH of the effluents, with values ranging from 6.5 to 8.5.  However, it 
is not uncommon for values to stray outside this range without negative effects to the 
effluent streams or pollution levels (Randolph Packing Company, 1986).    
Tables 2 and 3 are excerpts from the Environmental Protection Agency’s 
Development Document for the Proposed Effluent Limitations Guidelines and Standards 
for the Meat and Poultry Products (MPP) Industry (2002) illustrating wastewater 
characteristics and overall volume in the cattle processing industry: 
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Table 2 
Typical Characteristics of Cattle Processing Wastewaters 
 
Table 3 
Typical Pollutant Generation per Unit of Production in Cattle Processing 
 
  MGD = Million gallons per day; CFU = Colony forming units; LWK = Live weight killed 
  Data collected during EPA sampling of MPP facilities 
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Table 4 is taken from the Randolph Packing Company (1986), and explains the main 
constituents of wastewater characteristic from simple slaughterhouses: 
Table 4 
Summary of Plant and Raw Waste Characteristics for Simple Slaughterhouses 
 
 
According to the Randolph Packing Company (1986), statistical analyses have 
also shown that simply reducing the amount of organic load can serve to reduce the 
overall strength of the wastewater effluent.  BOD5 values directly correlated with values 
measuring the presence of total suspended solids (TSS), grease (FOG), and total kjeldahl 
nitrogen (TkN) on a per unit LWK basis.  This shows that changing the effluent 
concentrations of one compound will have predictable, as well as noticeable changes on 
the concentrations for other affected compounds (Randolph Packing Company, 1986).   
Controls to Reduce or Eliminate Environmental Impact from Abattoirs 
 Due to the strict hygiene regulations placed on the meat processing industry by 
the local, state, and federal governments and agencies, water is a highly valuable 
commodity.  This is due to water’s ability to clean at high-pressures, as well as its nature 
as a solvent (EPA, 2002).  Most readily available controls today serve to reduce overall 
water consumption or limit BOD concentrations.  Factors to decrease BOD 
concentrations often focus on reducing the amounts of blood and manure that enter the 
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wastewater stream.  This serves to decrease other compounds concentrations, as blood 
and manure are sources of many compounds, including BOD, nitrogen, and phosphorus 
(COWI Consulting Engineers and Planners AS, 2001).  In this section, control methods 
will be described and evaluated as to their cost (when available), effectiveness, and ease 
of implementation into the workplace.  It should also be noted that various treatment 
technologies may vary in cost based on their size, placement, and associated maintenance 
costs (EPA, 2002). 
Water Reduction Controls and Strategies 
 According to a the United States EPA’s “Development Document for Proposed 
Effluent Limitations Guidelines and New Source Performance Standards for the 
Processor Segment of the Meat Products Point Source Category” (1974), the following 
best available technology (BAT) in-plant pollution control practices were listed (EPA, 
2002): 
? Use water control systems and procedures to reduce water use considerable below 
that of Best Practicable Control Technology Currently Available (BPT) except for 
small processors. 
? Reduce the waste waster from thawing operations. 
? Revise equipment cleaning procedures to collect and reuse wasted materials, or to 
dispose of them through channels other than the sewer. 
? Reuse or recycle noncontaminated water whenever possible. 
? Initiate and continually enforce meticulous dry cleanup of floors before washing. 
? Install properly designed catch basins and maintain them with frequent regular 
grease and solids removal (EPA, 2002). 
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Reuse and Recycling of Water 
Reuse and recycling of waster is one option that is commonly used in industrial 
settings, but it heavily regulated in the production of consumer products.  The United 
States Department of Agriculture (USDA), and more specifically the Food Safety and 
Inspection Service (FSIS) guidelines state that multiple use and reuse of water is 
allowable in processes that do not expose products intended for human consumption to 
reused water.  Any process that produces consumer products, such as steam cleaning of 
carcasses and processed meat must use fresh water as described under USDA food safety 
regulations.  However, there are many processes, such as cleaning of floors, walls, and 
certain work surfaces that would allow use of reclaimed water in an effort to reduce 
overall wastewater effluent flows.  For example, reclaimed water from other areas of the 
plant can be used for washing livestock upon arrival at the plant or for washing trucks 
before leaving the facility.  Depending on the intended market for the beef to be 
produced, this may not be possible.  The European Union (EU), for one prohibits use of 
recycled or reclaimed water in this practice (COWI Consulting Engineers and Planners 
AS, 2001).   
One area that water may, and should be reused is in the first and final rinses of the 
day.  For example, the water from the final rinse on the preceding day may be used for 
the initial rinse for the following day, due to the fact that the only chemicals present in 
the water and cleaning agents and disinfectants. 
Dry Cleaning 
Dry cleaning, which is scraping of surfaces before water is used, is also a low cost 
alternative to keep water costs and consumption as low as possible (EPA, 2002).  
32 
Typically, the dry cleaning is either done manually, through use of scrapers and other 
tools, or mechanically, usually involving vacuum cleaners, or a combination of both.  
According to McNeil and Husband (1995), referenced by COWI Consulting Engineers 
and Planners AS (2000), industrial vacuum cleaners have been used successfully in 
boning and other processing rooms, but may require manual loosening of the solids 
before the vacuum is used.   
Cleaning and Disinfecting 
After thorough dry cleaning of all work surfaces, walls, and floors, these surfaces 
can then be washed down in preparation for detergent cleaning.  High-pressure, low-flow 
spray nozzles and flow-control systems may be an effective method for reducing overall 
water consumption.  Steam cleaning of carcasses, floors, walls, and work surfaces is a 
very reliable method of removing both small and large particles from the workplace.  
Water temperature should be kept around 60 degrees C (140 degrees F) in order to 
provide the most efficient cleaning, as water temperature higher than the recommended 
level adds problems associated with condensation that were described previously (COWI 
Consulting Engineers and Planners AS, 2001).  Flat-jet nozzles should be supplied to 
provide maximum impact and velocity for loosening of embedded solids, while spray 
angles of up to 60o provide for wider coverage and faster cleaning of large process areas.  
Cold water should also be used for the first rinse, due to the fact that hot water may serve 
to “melt” the fats and proteins and make them stick to the surface.  During the pre-rinse, 
which follows the first cold-water rinse, and for the final pressurized rinse, hot water 
must be used, with the temperature depending on the type of contamination present 
(COWI Consulting Engineers and Planners AS, 2001). 
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Spray nozzles are commonly used to provide high-pressure, low-flow water for 
use in wet scrubbing, but the nozzles themselves are subject to erosion and wear from the 
high-velocity water being emitted from them.  For this reason, it is important to use a 
nozzle material that is both strong and resilient to abrasion wear.  Table 5, developed by 
COWI Consulting Engineers and Planners AS (2001), references a study by McNeil and 
Husband (1995) regarding abrasion wear indices for nozzle materials: 
Table 5 
Abrasion Wear Index for Nozzle Materials  
 
 As can be seen from the above table, metals, especially soft metals such as brass, 
should not be used when high-pressure, high-velocity water is used in a system.  
However, cost should also be considered to determine the most effective nozzle 
composition for the lifespan expected from each nozzle head. 
 Hand wash stations and knife sanitizers are also a major source of water usage, as 
strict hygiene guidelines exist regarding the cleanliness of both hands and tools.  Hand 
wash stations can be controlled either manually or electronically, with the latter preferred 
from an environmental sense (COWI Consulting Engineers and Planners AS, 2001).  
Microprocessor-controlled workstations operate when an employee’s hands break an 
infrared beam, which causes the wash station to initiate the flow of water at a regulated 
flow rate and temperature for a set period of time.  This overcomes the problem of 
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workers tying down the controls for a manually-operated wash station, which results in a 
constant stream of water, which is both unnecessary and costly.   
 Since knife sterilizers must have a sustained temperature of 82 degrees C (180 
degrees F), it is important to minimize heat and evaporation losses from bowl-type 
sterilizers (COWI Consulting Engineers and Planners AS, 2001).  According to McNeil 
and Husband, double-skin insulated bowls are the most often preferred, since they 
minimize heat loss, and therefore reduce the amount of overflow water that must be 
continually added to maintain the required temperature.  For example, in a one-gallon 
bowl, this can mean an overflow rate of five gallons per hour, versus 12 gallons per hour 
with a conventional bowl-type sanitizer.  Since numerous sanitizers must be located at 
various locations around the processing facility, this can mean big savings in water 
consumption.   
 Figure 2 is a checklist from COWI Consulting Engineers and Planners AS (2001), 
containing ideas that have been previously described, as well as some other processes, 
not previously explained that may be used to reduce overall water consumption: 
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Figure 2 
Summary of Water Reduction Strategies and Technologies 
 
Wastewater Treatment Processes 
Overview and POTW Specifics 
 While many of these controls and strategies that will be described in this section 
are also common in wastewater treatment facilities, such as the Wisconsin Rapids 
Wastewater Treatment Facility, a POTW, only those that are practical for usage at meat 
processing facilities will be described in detail.  Wastewater treatment falls into three 
different and exclusive categories, which are: 
1. Primary treatment – removal of floating and settleable solids, 
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2. Secondary treatment – removal of most organic matter, and 
3. Tertiary treatment – removal of nitrogen, phosphorus, suspended solids, or some 
combination of the three (EPA, 2002). 
Those facilities that fall under National Pollutant Discharge Elimination System 
(NPDES) permit requirements, which are required whenever a facility discharges water 
directly into navigable waters, usually only employ primary and secondary treatment 
processes, but some may also engage in tertiary treatment as well (EPA, 2002).  Quality 
Beef Processors, LLC will be discharging their wastewater streams into a POTW, and 
therefore their facility is not subject to NPDES permitting requirements.  They are 
however, subject to the requirements placed upon them by the POTW, according to the 
type of NPDES permit the wastewater treatment facility holds.  According to Dale 
Hexom, City of Wisconsin Rapids Public Works director, there are three limits placed 
upon them under their NPDES permit.  These are: 
? BOD5 = 30 mg/L 
? TSS = 30 mg/L 
? Phosphorus = 1 mg/L (this is a seasonal requirement, and is only enforceable in 
the summer months) 
In order to keep the Wisconsin Rapids POTW within its permit guidelines, 
Quality Beef will be required to build and maintain a pre-treatment facility, which will 
reduce their wastewater effluents to as close as domestic strength as possible (Wisconsin 
Rapids Common Council, 2003).  Primary, secondary and tertiary treatment methods will 
now be described in detail.  These technologies are among those available for the plant in 
order to keep their effluent strength levels close to domestic wastewater levels. 
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Primary Treatments 
 Primary treatments involve removal of floating and settleable solids, often fats, 
oils, and grease (FOG).  The purposes of primary treatments are (1) reduction of TSS and 
BOD loads in subsequent treatment processes, and (2) recovery of materials that may be 
used for marketable or consumer products through further processing, such as rendering 
(EPA, 2002).  Primary treatment methods include screens, catch basins, dissolved air 
flotation (DAF), and flow equalization tanks.  The most commonly used types of the 
technology will be explained in detail below. 
Screening 
 Screening is the most often used and the easiest process of primary treatment.  
Installation of grease traps and screens over drains and floor vents will accomplish this 
goal, but requires careful monitoring and regular maintenance to ensure the effectiveness 
of the screening devices used (COWI Consulting Engineers and Planners AS, 2001).  
There are several types of screens used, including static or stationary, rotary drum, 
brushed, and vibrating (EPA, 2002).  These screens commonly use mesh that is between 
0.01 and 0.06 inches in diameter, and traps all solid particles greater than the mesh size.   
Static or Stationary Screens 
Static or stationary screens are the simplest form of screening device used.  
Usually powered by gravity or pressure differences (suction), the static screen filters out 
the effluent waters from the influent, and passes the solid particles into collection 
devices.  If desired, a series of static screens can be used to remove gradually smaller 
particles without clogging fine-mesh filters.  Figure 3 is a general schematic of a static or 
stationary screen, and is shown below (EPA, 2002): 
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Figure 3 
Schematic View of a Static Screen 
 
Rotary Drum Screens 
 Rotary drum screens are typically made of the same type of mesh as found in 
static screens, and are conducted in one of two ways, based on the way the drum itself is 
powered (EPA, 2002).  The first type is powered by external rollers, which receives the 
wastewater sludge at one end, then passes the effluent over mesh, and then ultimately to 
the sewer.  For this type, a continuous water stream from external spray nozzles is 
sprayed over the drum to prevent clogging. 
 The second type of screen is driven by an external pinion gear, and this type 
separates out contaminants from the inside to the outside.  The wastewater is discharged 
into the interior of the screen, below the center, and solids are removed in a trough-type 
box that is mounted with an internal conveyor (EPA, 2002).  External spraying is also 
done in this process, and Teflon-coated screens are often used to prevent mesh clogging 
by grease and other FOG-type materials.  In general, rotary drum screens remove up to 
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82 percent of solids.  Figure 4 is a general schematic of a rotary drum screen (EPA, 
2002): 
Figure 4 
Schematic View of a Rotary Drum Screen 
 
 
Other Types of Screens 
 While static and rotary drum screens are the most commonly used screening 
technologies in abattoirs, they are not the only screens available for use in the industry.  
Brushed screens and vibrating screens are not as commonly used in meat processing 
facilities, but are often used in wastewater treatment facilities.  For this reason, they will 
not be described in detail in this study.   
 Brushed screens operate on a rotary drum-type principle.  As the wastewater is 
passed over the screen, rotary brushes sweep the solids off the drum, while effluent is 
allowed to pass through the mesh into a collection area below.  Vibrating screens operate 
on a gravity-fed principle.  As the screen vibrates, effluent is allowed to pass through the 
mesh, while solids are propelled towards a collection device with the aid of gravity (EPA, 
2002). 
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Catch Basins 
 Catch basins are another type of basic primary wastewater treatment, and operate 
on a simple gravity separation principle (EPA, 2002).  Essentially, a catch basin is a 
settling chamber, where wastewater enters into the basin, and wastes are settled or floated 
according to their relative densities to water.  Solids that are heavier than water sink to 
the bottom, where they are mechanically scraped out and collected, while grease and 
scum float to the top, where they are skimmed off mechanically and removed from the 
influent.   
 Catch basins are usually approximately six feet in depth, with variable length and 
overall dimensions (EPA, 2002).  These tanks can be constructed of either concrete or 
steel, with the length determined by calculating the peak hour of flow, and allowing for 
approximately 30 to 40 minutes retention time.  Each of the tank compositions are 
equally effective, but each has their own individual strengths and weaknesses.  Concrete 
tanks are the most economical, but are permanent and not easily altered or expanded.  
Steel tanks are more portable, relocated, and modified than concrete tanks, but are subject 
to erosion and abrasion from moving wastewater influents.  Depending on the 
characteristics of the wastewater, catch basins are very economical and effective, 
recovering between 60 and 70 percent of wastes, and costing anywhere from $50 to $500 
per million gallons of treated wastewater (EPA, 2002).    
Dissolved Air Flotation (DAF) 
 Dissolved air flotation, or DAF, is one of the most commonly used primary 
treatments used by meat processors today, with an estimated 81 percent of direct 
dischargers utilizing this type of technology (EPA, 2002).  The technology used in DAF 
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is similar to that used in catch basins, with DAF technology more effective in removing 
smaller or lighter particles in a shorter period of time.  Dissolved air flotation is a 
relatively simple process, whereas the influent is saturated with air at a pressure of 
between 40 and 50 pounds per square inch (psi), and then introduced into a flotation tank 
similar to those used in catch basins.  At atmospheric pressure, the air is released from 
suspension, and a stream of fine bubbles is generated.  These bubbles rise to the surface, 
carrying small particles upwards where they are skimmed off.  Large particles sink to the 
bottom, and are scraped from the bottom of the tank using mechanical means similar to 
those used in catch basins (EPA, 2002).  The shape of the tank is not important, but the 
depth needs to be at a level that allows for uniform distribution of dissolved air bubbles, 
usually at a depth of between four and nine feet.   
 While dissolved air flotation units are relatively effective in recovering suspended 
solids, oils, and grease by themselves, they become more effective with the addition of 
specific chemicals that aid in the recovery and removal of the targeted solids (EPA, 
2002).  Chemicals, such as aluminum or iron salts or synthetic organic polymers, are 
added to aid in the coagulation of FOG particles, which are then more easily removed by 
DAF or scraping methods.  With the addition of these certain families of chemicals, the 
removal of suspended solids increases greatly.  Typical removal of suspended solids will 
vary from between 40 and 65 percent without chemical addition, and from 80 to 93 
percent with chemical addition.  Equally, oil and grease is removed by DAF at a rate of 
60 to 80 percent without, and 85 to 99 percent with chemical addition (EPA, 2002).   
By analyzing the above-listed values, dissolved air flotation is an effective 
treatment method in removing small and light particles more effectively than larger 
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particles.  For this reason, they may by used in series with other screens, catch basins, or 
other primary treatment options to economically remove a greater fraction of total 
suspended solids (TSS) than any option alone.  Alternatives to DAF technologies are also 
available, and include electro flotation, reverse osmosis, and ion exchange systems.  
However, these operations are often difficult to install and maintain, and are not as cost 
effective as DAF processes.  Due to these reasons, many companies continue to use DAF 
as one of their primary methods of initial wastewater treatment (EPA, 2002). 
Flow Equalization 
 The meat processing industry consists of three distinct phases, killing, processing, 
and cleaning, in which each of these individual phases requiring a different amount of 
water, and introducing varying amounts of wastewater into the overall effluent streams.  
For these reasons, it is often necessary to equalize the flow rates of wastewater being 
introduced into the plant’s respective treatment systems, or into the POTW (EPA, 2002).  
Meat processing facilities often operate on a five-day-per-week basis, which means that 
there are often “shock loads” introduced into the effluent streams which treatment may 
not always be able to handle.   
 In order to effectively utilize available treatment technologies, equalization tanks 
are often installed in a series, which gives the facility the option of holding peak 
wastewater flows on-site, and introducing them into the treatment process or POTW at a 
fixed rate that is easily handled by the available technology.  This equalization serves to 
reduce overall variations in total flow as well as waste loads (EPA, 2002).  Equalization 
facilities are very simple in form and design, consisting of a holding tank and pumping 
equipment designed to reduce fluctuations in the waste stream.  These equalization tanks 
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can be designed to discharge one of two ways, either on a 24-hour average flow rate, or 
discharged seven days-a-week at a constant flow rate (EPA, 2002).   
 Advantages of equalization include: (1) smaller subsequent treatment units, since 
they can be designed one of the two methods that were previously described, and (2), 
waste treatment systems operate more effectively when they are not subjected to peak 
flow rates, or “shock loads” (EPA, 2002).  There are drawbacks to equalization tanks, 
namely settling of solids and foul odors emitted from holding areas.  However, these 
problems are easily corrected if aeration and continuous mechanical mixing are 
accounted for.  Therefore, equalization tanks are a cost-effective way to avoid 
overwhelming other on-site treatment methods or the technologies available at POTW 
facilities. 
Secondary Biological Treatment 
 Meat processing facilities that hold National Pollutant Discharge Elimination 
System (NPDES) permits are required to not only undertake primary treatment methods, 
but also secondary biological treatments (EPA, 2002).  The basic objective of secondary 
treatment is to reduce the biochemical oxygen demand (BOD) through the effective 
removal of organic matter, most often in the form of soluble organic compounds.  
Biological treatment processes, including aerobic or anaerobic lagoon, facultative lagoon, 
and activated sludge processes, can be utilized in order to remove greater than 90 percent 
of wastewater pollutants (Kiepper, 2001, referenced by EPA, 2002).   
 With Quality Beef Processors, LLC holding no valid NPDES permit, they will not 
be able to discharge effluents into navigable waters, and will be forced to send their 
wastewater streams to the Wisconsin Rapids POTW.  Consequently, many of these 
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secondary treatment methods may or may not be used, depending on the strength of the 
effluent produced, and the required cleanliness desired by the POTW (Wisconsin Rapids 
Common Council, 2003). 
Anaerobic Treatment 
 Anaerobic treatment processes use living microbes in order to reduce organic 
matter, which contains primarily carbon, hydrogen, and oxygen, into methane (CH4) and 
carbon dioxide (CO2).  Since these two gases are not soluble in water at normal 
temperature and pressure, they quickly leave the aqueous mixture of the wastewater, 
dissolving into the atmosphere.  This combination of methane and carbon dioxide is 
commonly referred to as “biogas,” which is approximately 30 to 40 percent carbon 
dioxide and 60 to 70 percent methane (EPA, 2002).  This resulting compound may be 
disposed of in one of three ways: 
? Released directly into the atmosphere, 
? Collected and flared (ignited and released into the atmosphere), or 
? Collected and used as boiler fuel (EPA, 2002). 
Biogas is usually produced in a two-step process, with each step breaking down 
different groups of chemical compounds (Randolph Packing Company, 1986).  In the 
first step, complex organic compounds, which include fats, oils, and grease, are broken 
down into simpler organic compounds, such as hydrogen, short-chained volatile acids, 
alcohols, and carbon dioxide by various microorganisms, many of which are developed 
principally for these processes. 
In the second part of biogas creation, the short-chained volatile acids and alcohols 
that were created in the first step are further decomposed into methane and carbon 
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dioxide by a group of specialty microorganisms known as methanogens, commonly in 
anaerobic lagoons.  Due to the composition and construction of the lagoon, it can also be 
used in the role of a flow equalizer.  Effluents can be kept in the holding tanks until 
properly treated, and can then be discharged into the environment or applicable POTW at 
a constant, reduced flow rate (EPA, 2002).   
As with many other technologies, there are alternatives to anaerobic lagoons that 
are available in modern society.  For example, anaerobic contact systems, up-flow 
anaerobic sludge-blanket (UASB), anaerobic filters (AF), and anaerobic sequence batch 
reactors (ASBR) may be used, but are not as common as lagoons due to various reasons.  
These include high capital costs, decreased effectiveness, simplicity of use and 
maintenance, or a combination of the three.  Also, in the case of the ASBR, undesirable 
gas emissions of hydrogen sulfide are produced, which leads to the requirement of 
additional equipment to treat the gas emissions (EPA, 2002).   
Aerobic Treatment 
 Aerobic treatments, which are very similar to anaerobic processes, are often used 
immediately following primary treatments or subsequent to some sort of anaerobic 
treatment.  Typically, their purpose is the same as in anaerobic processes, which is to 
reduce the overall concentrations of TSS and BOD to levels where they can be 
discharged into the environment or POTW (EPA, 2002).  Ammonia reduction is also a 
typical role of these treatment processes, as many NPDES permits have seasonal 
restrictions on the amount of ammonia that may be introduced into navigable waters.   
There are many advantages of using aerobic treatment methods, which include: 
? Low odor production as compared to other treatment methods, 
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? Fast biological growth rate, 
? No elevated operation temperature requirements, meaning the process of aerobic 
treatment may be conducted at the same temperature at which the wastewater 
sludge enters the treatment process, and 
? Quick adjustments to temperature and loading rate changes (EPA, 2002).   
There are also associated disadvantages to aerobic treatment, which include: 
? Relatively large amounts of space required in comparison to other methods, 
? High maintenance burden, 
? Increased environmental management required, and 
? Elevated energy costs due to the necessity for artificial oxygenation (EPA, 2002). 
Activated Sludge 
Activated sludge is a commonly used process in POTW facilities, used in the 
Wisconsin Rapids Wastewater Treatment Facility, but may also be used in meat 
processing facilities as a method of reducing effluent strengths (Rahn, 2003).  Activated 
sludge systems function by introducing wastewater into an oxygen-rich environment 
where microbes, bacteria and protozoa have been introduced.  Here, the bacteria serve to 
rapidly decompose the influent into gases which are then discharged or collected.  The 
main advantage of aerobic processes over other treatment processes is the relatively short 
retention time required, which is usually no more than several hours, as opposed to days 
with some anaerobic processes.   
The first step in aerobic treatments is the formation of the needed microbes and 
protozoa, which coagulate to form what is known as floc.  Normally, about 20 percent of 
the solids, which are recovered from settling and aeration, are recycled into the aerobic 
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process to maintain the desired concentration of mixed liquor suspended solids (MLSS).  
This is done to sustain an environment which is advantageous to rapid decomposition.  
The remaining 80 percent of the sludge is removed and treated using anaerobic or aerobic 
digestion or chemical addition.  The sludge may also be dewatered using filtration or 
centrifugation, which reduces the overall volume and weight of the effluent.  This makes 
the dead microbes and bacteria more easily transported or disposed (EPA, 2002).   
These activated sludge processes are also very effective in their general purpose. 
Properly installed and operated sludge processes are capable of 95 percent reductions in 
both BOD and TSS, according to 1974 findings by the EPA (EPA, 2002).  In addition, 
ammonia nitrogen may be removed by more than 95 percent, assuming that temperatures 
of above 10 degrees C (50 degrees F) and dissolved oxygen (DO) concentrations of more 
than 2 mg/L can be maintained.  Keeping the DO concentrations requires high amounts 
of energy, as complex mechanical systems are used to create the necessary aeration.  This 
leads to large amounts of power being drawn from the facility or from public utilities 
(COWI Consulting Engineers and Planners AS, 2001).   
Aerated Lagoons 
 Aerated lagoons, which are similar in construction and function to other types of 
lagoons, are usually earthen basins, which are used in place of concrete or steel holding 
tanks (EPA, 2002).  Mechanically-aerated lagoons are typically between eight and fifteen 
feet in depth, and are most often lined with an impermeable layer to prevent seepage of 
the wastewater into the groundwater.  Fixed and floating aerators are commonly used for 
aeration and mixing, but diffused air systems are common as well.  In aerated lagoons, 
the extent of aeration is not required to be as great, since natural aeration occurs in these 
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lagoons which do not occur in other treatment methods.  Environmental factors, such as 
heat, wind, and sunlight serve to enable the floc to mix and decompose organic materials 
to a limited depth.  For this reason, naturally-aerated lagoons are usually built to a depth 
of one to two feet, which allows for sunlight to penetrate the full depth of the lagoon and 
maintain photosynthetic activities for the entire day (EPA, 2002).   
Trickling Filters 
 Trickling filters are simple filters which work on a gravity-fed process.  In these 
filters, treated or untreated wastewater is spread uniformly onto a bed of highly 
permeable media, to which microbes and protozoa have been inundated (EPA, 2002).  
Filters may use varied filter media, including rock, blast furnace slag, plastic, or redwood.  
As the wastewater is spread onto the surface, it trickles down through the pores in the 
media and comes in contact with microbes, which serve to decompose the wastes in 
roughly the same manner as some of the previously described treatment technologies.  
The treated wastewater and any displaced microbes are then collected in a drain-type 
system under the filter for disposal.   
 Trickling filters can be classified as low-rate, intermediate-rate, high-rate, super 
high-rate, roughing, or two stage.  This depends on their filter medium, hydraulic and 
BOD5 loading rates, recirculation ratio and depth.  Low-rate filters can remove five to 25 
pounds BOD5 per 10,000 square feet (ft2) per day, while filters with increased capacity 
can remove anywhere from 100 to 500 pounds per 10,000 ft2 per day (EPA, 2002).  For 
these reasons, it is important that the type of filter be determined prior to installation, 
based on the amount of wastewater to be treated per day. 
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 While these filters may be very low cost and efficient in removing organic matter 
(up to 95 percent effective in reducing BOD5), they are severely limited in their ability to 
remove large particles from wastewater or reduce the BOD of high strength effluents.  
Consequently, it is often necessary to place a trickling filter at the end of a series of other 
treatment processes, such as screening or aerobic digestion (EPA, 2002).   
Tertiary Treatment 
 Tertiary treatment, or advanced treatment, is defined by the EPA (2000) as any 
treatment beyond conventional secondary methods.  The purposes of tertiary treatments 
are normally to further remove or reduce contaminants from wastewater streams, 
including removal of nitrogen, phosphorus, TSS, and dissolved inorganic substances.  For 
Quality Beef Processors, LLC, removal of TSS and phosphorus are the main goals for 
tertiary treatment, as these parameters are included in the Wisconsin Rapids Wastewater 
Treatment Facility’s NPDES permit (Wisconsin Rapids Common Council, 2003).  In 
addition, there is also a proposed ammonia nitrogen limit that may be imposed in the next 
five years, which will either require additional capital and operating costs to their 
organization.  These could cause retrofitting their current facility, or may require Quality 
Beef to build in a safety margin for their pre-treatment facility to handle the additional 
treatment requirements.   
Nitrogen Removal 
 The removal of organic nitrogen, nitrites, nitrates, and ammonia nitrogen 
(collectively known as TkN), is done in a two-step process, nitrification and 
denitrification.  In nitrification, specific bacteria oxidize ammonia into nitrite, and then 
additional bacteria serve to oxidize the nitrite into nitrate, which is then microbially 
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changed into nitrogen gas.  Since nitrogen and its oxides are insoluble in water, they 
dissociate from the solution quickly (EPA, 2002).  Organic carbon, most often methanol, 
has also historically been added for denitrification in the second process.   
However, there are other options which may be used for removal of nitrogen and 
reduction of TkN levels.  In place of adding methanol as a source of organic carbon, raw 
wastewater may be added.  This wastewater is bypassed through primary and secondary 
treatment methods, and is used specifically for this process.  It is also possible to use raw 
wastewater in a process which combines nitrification and denitrification into one process, 
eliminating the need for additional clarifiers and return sludge systems.  The two 
processes are then allowed to occur in separate aerobic and anaerobic zones (EPA, 2002).  
There are also some problems using the nitrogen-producing bacteria described earlier.  
The bacteria all have relatively slow growth rates, and it is relatively difficult to maintain 
a healthy colony of microbes in cold weather, when increased retention times may 
become necessary (EPA, 2002). 
Phosphorus Removal 
 In order to lower phosphorus to the required limits, phosphorus may be removed 
in one of two ways, biologically or physicochemically.  In most cases, biological methods 
are more economical and effective than other removal strategies.  The microbes most 
commonly used in secondary treatment methods consume phosphorus for natural 
processes, which reduces the overall phosphorus concentration by 10 to 30 percent (EPA, 
2002).  By introducing aerobic and anaerobic cycles into the wastewater streams, the 
microbes and bacteria consume more phosphorus than before.  There are also several 
other proprietary processes that are marketed under various names, including A/O, 
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PhoStrip, and Bardenpho processes.  These three processes are capable of producing 
wastewater effluents with phosphorus concentrations of less than 2 mg/L, and a modified 
version of the A/O process, called A2/O, is also capable of removing phosphorus as well 
as nitrogen in one process, much more economical than separate treatment for individual 
nutrients (EPA, 2002). 
 Physicochemical processes are also available that allow facilities to precipitate off 
excess phosphorus using metal salts and/or lime.  Aluminum sulfate and ferric chloride 
are most commonly used, but ferrous chloride and ferrous sulfate can also be used 
(Randolph Packing Company, 1986).  Addition of lime also serves to precipitate 
phosphorus, but is seldom used due to the fact that there are many associated 
maintenance problems, and a large quantity of sludge is generated (EPA, 2002).  When 
these salts or other additional chemicals are used, they serve to not only reduce 
phosphorus concentrations, but also TSS and BOD levels, especially when added 
following secondary treatment clarification processes.   
Total Suspended Solids Removal 
 Many times, simple filtration and clarification during primary and secondary 
treatment processes does not remove suspended solids to the level required by NPDES 
permits or the POTW to which the facility discharges.  Different types of technology are 
used in order to remove fine particles, including granular medium filters (EPA, 2002).  
By forcing secondary-treated wastewater through a porous material, reductions can be 
seen in both BOD and TSS by removing small particles and other residual suspended 
organic materials.   
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 Table 6, produced as a result of EPA studies and surveys lists the various 
treatment strategies currently in practice in the meat processing industry (EPA, 2002): 
Table 6 
Current Treatment Technology Usage in the Meat Processing Industry 
Percent of Direct/Indirect Discharging Facilities 
Having The Treatment Unit In Place 
 
Treatment Category 
 
Treatment Unit Direct Discharger Indirect Discharger 
Screen 
 
98 percent 64 percent 
Oil and Grease Removal 83 percent 77 percent 
Dissolved Air Flotation 81 percent 46 percent 
Primary treatment 
Flow Equalization 75 percent 34 percent 
Biological Treatment a 100 percent 13 percent 
Filtration 23 percent 0 percent 
Secondary and tertiary 
treatment 
Disinfection 92 percent 0 percent 
a  Biological treatment includes any combination of the following: aerobic lagoon, anaerobic lagoon,  facultative 
lagoon, any activated sludge process, and/or other biological treatment processes (e.g., trickling filter). 
Source: EPA Detailed Survey Data 
 
Other Wastewater Reduction Technologies and Strategies 
 Many of the previously described treatment processes are “end-of-pipe” methods, 
since they are essentially detoxifying wastewater after it has been introduced into the 
effluent stream.  However, there are other controls and strategies that can be implemented 
in processing and cleaning phases to reduce the contamination and overall strength of the 
effluents produced.   
 Simple changes to processes can serve to reduce important contaminants in the 
wastewater streams.  In a 1998 study conducted in Sahbahz, Bosnia (Sustainable 
Alternatives Network, 1998), simple changes in processes involving stunning and 
bleeding can serve to reduce not only BOD, but also TSS, nitrogen, and phosphorus as 
well.  In the study, several changes were proposed and implemented, including: 
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? Bleeding times allowed for cattle were extended,  
? Controlled composting of manure was conducted,  
? Cattle were not fed before slaughter to reduce undigested food wastes,  
? Hoses were fitted with high-pressure, low-flow nozzles, and  
? Drains were fitted with traps to prevent solids from entering effluent streams 
(Sustainable Alternatives Network, 1998). 
The previously listed changes were not only economical, but effective.  The initial 
investment for the changes was less than $100, while associated savings in water 
consumption (15 percent reduction) and wastewater treatment (21 percent reduction) was 
approaching $1000 per year.  While the changes in practice were conducted on a limited 
scale at a small slaughterhouse, the savings will be multiplied if those same changes are 
made at a larger facility.   
Summary of Controls and Strategies 
 The following is a summary of the previously listed practices and control 
strategies that are currently in use in the meat processing industry today that may be used 
to reduce the overall strength of wastewater effluents: 
? Recover and process blood into useful byproducts, 
? Allow enough time for blood draining (at least seven minutes), 
? Minimize water consumption by using taps with automatic shutoff,  
? Use high-pressure, low-flow water for wet cleaning, 
? Eliminate wet transport and pumping of wastes, 
? Reduce the liquid waste load by preventing solid wastes or concentrated liquids 
from entering the wastewater stream, 
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? Cover collection channels in the production area with grids and screens to reduce 
the TSS entering the wastewater streams, 
? Separate cooling water from process water and wastewaters,  
? Implement dry precleaning of equipment and production areas prior to wet 
cleaning, 
? Equip the outlets of wastewater channels with screens and fat traps to recover and 
reduce the concentration of coarse material and fat entering the combined 
wastewater streams, 
? Optimize the use of detergents and disinfectants in washing water, 
? Removing manure from holding areas and intestine processing in solid form, 
? Dispose of hair and bones to rendering plants, and 
? Isolate and ventilate all sources of odorous emissions, using oxidants such as 
nitrates to reduce odors (Cleantechindia.com, 2003).   
Due to the restrictions placed upon Quality Beef Processors, LLC by the 
Wisconsin Rapids Wastewater Treatment Facility based on their NPDES permit, it 
becomes apparent that the facility will be forced to undertake some of the selected control 
strategies and technology to reduce the overall strength of their wastewater effluent.  
Simple changes in procedures, policies and training can serve to reduce the contaminant 
concentrations in their wastewater streams to as close to domestic strength as best 
available technology (BAT) allows.  In the next section, the study will explain the overall 
capabilities of the Wisconsin Rapids POTW, the proposed wastewater effluents 
discharged from the meat processing plant, and the technology necessary to be 
implemented to allow the POTW to remain under the limits of their NPDES permit.   
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CHAPTER THREE 
Methodology 
Introduction 
 The purpose of this study was to identify the extent to which the Wisconsin 
Rapids Wastewater Treatment Facility, a publicly-owned treatment works (POTW) can 
accommodate the additional water, organic and chemical load that would be imposed 
upon them as a result of a beef processing facility being located in the West-side 
Industrial Park.  From this purpose, the major goals of the study are: to determine the 
maximum water effluent amounts from the beef processing facility that would be able to 
be processed by the POTW, weigh the organic and chemical contaminant loads against 
the current treatment capabilities of the POTW, obtain data concerning the amount of 
organic wastes that would be introduced into the system using biochemical oxygen 
demand (BOD) and total suspended solids (TSS) as benchmarks, and ascertain the 
associated costs of additional treatment requirements on Quality Beef Processors, LLC as 
well as the city of Wisconsin Rapids.  
 Analysis of the goals of the study will be conducted using both the literature 
review included in the previous chapter, as well as mathematical calculations using 
industry facts and figures.  As the proposal submitted by Quality Beef Processors, LLC, 
did not contain specific information as to the extent of possible wastewater strengths, 
composition and amounts, it was necessary to obtain data from the general industry, 
generalize to the specific facility as required, and estimate the possible environmental 
impact to the Wisconsin Rapids sewer system and water infrastructure.   
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Method of Study 
 A literature review was conducted which contained an overview of the meat 
processing industry, a characterization of the primary constituents of effluents, and a 
summary of currently available treatment technologies to reduce or eliminate the relative 
strength of wastewater streams.  From this information, industry data was obtained and 
estimates were mathematically calculated to provide a generalization of the proposed 
facility, if constructed according to proposed dimensions and operations.  These facts and 
figures were then used to determine the costs of wastewater treatment to both the city of 
Wisconsin Rapids, as well as the costs of building and maintaining a pretreatment facility 
located on the facility’s site. 
 The following information, based on Environmental Protection Agency (EPA) 
surveys of similar operations, will be calculated and these estimates will be used to 
ascertain the associated costs of wastewater treatment, both on-site, and at the POTW: 
? Water usage, 
? Organic contaminant concentrations, given in BOD5 and TSS,  
? Chemical nutrient concentrations, including phosphorus and total kjeldahl 
nitrogen (TkN), 
? Costs of implementing and maintaining wastewater treatment technologies, 
including capital and annual operating costs, and 
? Other associated costs. 
There are also additional requirements placed upon Quality Beef Processors, LLC by the 
EPA, USDA, and the local POTW, which will be explained in detail in the results and 
recommendation sections.   
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Data Collection Techniques 
 As noted previously, there was little information made public by Quality Beef 
specific to the proposed facility in question.  For this reason, it was necessary to assume 
the plant to be similar versus other operations of the same type currently conducting 
business in the United States today.  General industry data was collected during the 
literature review chapter of this study, and the data that was made available relating to the 
proposed facility was extrapolated to obtain the values that will be used later in this 
study.   
 Various types of treatment technologies, such as screens, dissolved air flotation 
(DAF), and biological treatments were evaluated and chosen for closer scrutiny according 
to the recommendations made by the EPA in their technical development document.  
These types of treatment technologies were individually evaluated to determine their 
effectiveness in reducing effluent strengths, their associated installation and maintenance 
costs, and the prevalence of such in the meat processing industry today. 
Procedures Followed 
 The nature of the mathematical extrapolations lends itself to the following 
procedures that were followed in the analysis and interpretation of the data: 
? Industry data was presented and calculated in relative terms and converted to 
absolute values, using the specific information given by Quality Beef, 
? Specific information given in the proposal is used whenever possible to reduce the 
possibility of industry-wide trends that may affect the overall calculations relating 
to the proposed facility,  
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? Information from the EPA, which is classified according to the size and type of 
slaughterhouse or processing facility, is used according to the assumed operations 
of the Wisconsin Rapids facility, and 
? Costs of technology installation and operations, which depend on the size and 
extent of the technology used, may not be the same as the proposed processing 
facility. 
Due to the difficulties in obtaining accurate information from Quality Beef, many 
generalizations will be used, which statistically should apply to the proposed plant.  
These values will be identified as such whenever used, and will be explained in further 
detail in chapters four and five. 
Methods of Analysis 
 Using the industry average values, as well as the specific information, 
calculations will be made which will then be compared against the known specifics from 
the specific Wisconsin Rapids facility.  These comparisons will also be made versus the 
current treatment capabilities of the POTW, and recommendations will be made 
according to various data sources.  These sources include, but are not limited to Quality 
Beef press releases and city government contact, Wisconsin Rapids government officials, 
EPA regulations and recommendations, and other local, state, and federal regulations.   
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CHAPTER FOUR 
Results of the Study 
Introduction 
 The purpose of this study was to determine the extent that the city of Wisconsin 
Rapids and the Wisconsin Rapids Wastewater Treatment Facility, a POTW, can 
accommodate the additional water, chemical and organic contaminant load as a result of a 
beef processing facility being located in the West-side Industrial Park.  In order to 
accomplish the goal of this study, the researcher will determine the amount of water 
usage that can be handled by the POTW and the city, weigh the chemical contaminant 
load against the POTW’s capabilities, evaluate the organic contaminant loads using 
biochemical oxygen demand (BOD) and total suspended solids (TSS) as benchmarks, and 
estimate the costs to Quality Beef Processors, LLC and the city of treating the wastewater 
streams.  This section will also include available treatment technologies and evaluate 
each treatment method’s relative efficiency in reducing the effluent strengths being 
introduced into the wastewater streams.   
Overview of Available Information 
 As has been stated previously in this study, there is relatively little valuable 
specific information available to the public concerning the proposed Quality Beef facility, 
and for this reason, it was necessary to obtain industry data and weigh an average beef 
processing plant against the size and operating capabilities of the proposed facility.  
Various data sources, including the Environmental Protection Agency and the Randolph 
Packing Company, have been researched and appropriate industry data has been received 
60 
in order to make the assumptions and mathematical calculations necessary to complete 
the purpose and goals of this study.   
 According to Rahn (2003) and the Wisconsin Rapids Common Council (2003), 
the following specific information about the Quality Beef facility is known: 
? The proposed facility will slaughter 1,000 head of cattle per day, which will be 
transported in on a demand only basis, 
? The plant will use between 500,000 and 750,000 gallons of water per day, with 
the majority of this returned to the POTW as wastewater, 
? Quality Beef has agreed to build and maintain a $2,000,000 pretreatment facility, 
which will serve to reduce wastewater effluent strengths to levels which may be 
accommodated by the Wisconsin Rapids POTW, and 
? The facility will be required to adhere to limits on effluent strength placed upon 
them by the POTW according to its currently-held NPDES permit. 
With this knowledge, the following calculations will be conducted using as much 
of the specific information as possible to obtain an accurate representation of the 
environmental impact the Quality Beef plant will have on the city as well as the 
surrounding areas. 
Facility Type 
 In order to accurately represent the size and scope of operations to be conducted 
at the Wisconsin Rapids plant, it is important to ascertain the EPA designations, which 
are delineated in the EPA Technical Development Document (2002).  By utilizing the 
table indicating average baseline concentrations in R12 indirect dischargers (included in 
Appendix A) from the EPA, it is possible to determine the type of facility group that the 
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Quality Beef plant will be included in.  The two pieces of information which are 
necessary to this step are the processes performed, and the total production used to define 
size classification. 
 As the proposed facility will be conducting slaughter and processing, this is 
considered first processing.  However, the plant will also be producing smaller cuts, as 
well as some ground meats.  By EPA definition, this is an example in which cutting, 
boning and grinding at first processing facilities will be considered further processing, 
placing the Quality Beef plant in the R12 category (Red meat, first, further processing) 
(EPA, 2002).  According to the article by Rahn (2003), the facility will be processing 
1,000 head of cattle per day.  As the average cattle to be slaughtered and processed at this 
facility will range from 550 to 1300 pounds, it becomes necessary to assume an average 
value for the weight of the cattle that will be transported to the processing plant for 
slaughter.  This value, taken as an average of EPA (2002), Randolph Packing Company 
(1986), and COWI (2001) data, shall be 800 pounds.  Therefore, using the following 
equation, the researcher concluded the total production values per day: 
 (1,000 head / day)(800 pounds / head) = 800,000 pounds / day 
 (800,000 pounds / day)(260 days / year) = 208,000,000 pounds / year 
 As values in the average baseline concentration table (from Appendix A) are 
given in 1,000 pound intervals, the Quality Beef facility will be producing 208,000 (in 
1,000 pounds) of live weight per year.  The places the Quality Beef facility in the R12 
Medium category.  For all subsequent data, this designation will be used to obtain values 
closest to those expected from Quality Beef.   
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Public Owned Treatment Works (POTW) Requirements and Capabilities 
 The Wisconsin Rapids Wastewater Treatment facility, due to the fact that it 
discharges treated water into the Wisconsin River, a navigable water, falls under 
authority of its National Pollutant Discharge Elimination System (NPDES) permit.  The 
following pollutants and nutrients fall under their permit requirements: 
? Biochemical oxygen demand (BOD) = 30 mg/L 
? Total suspended solids (TSS) = 30 mg/L 
? Total phosphorus (seasonally enforced) = 1 mg/L 
Note:  As phosphorus is only seasonally enforced, the limit of 1 mg/L is required only 
during the summer months 
Also, the current average maximum capacity of the POTW and current average usage are 
required to be known: 
? Current average maximum capacity = 5,200,000 gallons / day 
? Current average usage = 3,400,000 gallons / day 
Given the previously listed data, the POTW has the surplus capacity of 1,800,000 gallons 
per day treatment capabilities. 
Industry Average Effluent Levels 
 Due to the uncertain nature of the plant’s specifics, industry data will be used to 
estimate the overall scope of operations for the Quality Beef facility.  Utilizing data from 
the EPA and the Randolph Packing Company, the following industry data shall be used, 
and mathematical assumptions shall be made specific to the proposed facility, when 
applicable.  This data is given in Tables 7, 8, and 9, and will also be included in 
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Appendix A.  The following tables give industry average data using pollutants of concern 
(POC) as benchmarks (EPA, 2002): 
Table 7 
Influent Concentrations Used as Model Input 
BOD5 TSS FOG TkN Total P Facility 
Grouping 
Code mg/L mg/L mg/L mg/L mg/L 
R12 2941 1590 386 164 51 
Note: These values are for wastewater influents, or untreated waters 
The previous values were used as influent concentrations, one of the three components of 
the EPA’s simulation program, known as CAPDET.   
Table 8 
Average Baseline Concentration for R12 Indirect Dischargers 
BOD5 TSS FOG TkN Total P Facility 
Grouping 
Code mg/L mg/L mg/L mg/L mg/L 
R12 1083 568.9 117.1 276.8 48.8 
Note:  These values are used in comparison versus technology option loadings to 
determine pollutant removals.  This methodology will be explained further later in this 
study. 
 
Table 9 shows the average values measured at the Randolph Packing Company during 
their study’s duration versus known values for Quality Beef Processors, LLC (Randolph 
Packing Company, 1986, Rahn, 2003): 
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Table 9 
Randolph Packing Company versus Quality Beef Processors, LLC Baseline Loadings 
 Randolph Packing Co. Quality Beef 
Water usage 309,686 gal / day 500,000-750,000 gal / day 
Slaughter rates 559,000 lb / day  800,000 lb / day 
BOD5 6.0 lb / 1000 lb 
 
4800 lb / 800,000 lb 
(13.19 mg/L) 
TSS 5.6 lb / 1000 lb 
 
4480 lb / 800,000 lb 
(12.31 mg/L) 
FOG 2.1 lb / 1000 lb 1680 lb / 800,000 lb 
(4.62 mg/L) 
TkN 0.68 lb / 1000 lb 544 lb / 800,000 lb 
(1.49 mg/L) 
Total Phosphorus (P) 0.05 lb / 1000 lb 40 lb / 800,000 lb 
(0.11 mg/L) 
Note: values are given per 800,000 pounds to facilitate later comparison and calculations. 
The following steps were taken to obtain milligram per liter (mg/L) values: 
1. The total values per 1000 pounds were multiplied by 800 to obtain values per 
800,000 pounds, 
2. The resulting values were then multiplied by the factor (1 kg / 2.2046 lbs) to get 
kilograms, then multiplied by (1000 mg / 1 kg) to obtain milligrams, 
3. The average value of 625,000 gallons of water per day was converted into liters 
by using the factor (1 gallon / 3.7853 liters), then 
4. The values in milligrams were divided by the liters to obtain milligrams / liter 
(mg/L).  
 
 
 
65 
Treatment Technologies 
 Available treatment technologies are numerous and delineated by the EPA 
according to the type of facility to which they pertain.  The first four classifications on 
the list are for facilities which are direct dischargers, namely those who hold NPDES 
permits.  These facilities are permitted by law to discharge treated wastewater effluents 
directly into navigable waters.  The pretreatment standards (PSES and PSNS) are used 
only for indirect dischargers, those who introduce their wastewater streams into sewer 
systems which feed into an authorized POTW.  Since new sources are held to the same 
standards and regulations as existing facilities (40 CFR 403.5), PSES and PSNS are the 
same.  The treatment technologies described in Chapter two are classified by the EPA 
into the following groupings: 
? • Best Practicable Control Technology Currently Available (BPT) 
? • Best Control Technology for Conventional Pollutants (BCT) 
? • Best Available Technology Economically Achievable (BAT) 
? • New Source Performance Standards (NSPS) 
? • Pretreatment Standards for Existing Sources (PSES) 
? • Pretreatment Standards for New Sources (PSNS) 
The preceding technology options are further grouped into smaller classes using a 
numbering system, on a 1-5 scale, one being the lowest level of treatment and five being 
the highest (BAT-5 is only used in the poultry processing industry, so BPT-4 is the most 
thorough treatment technology available for red meat abattoirs).  Table 10 explains the 
proposed technology options for the meat processing industry, with separate distinction 
for direct and indirect dischargers.  For example, a PSNS-2 will contain screens, DAF, 
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equalization, and biological treatment with nitrification, while PSNS-3 will contain all 
the above, adding denitrification as well. 
Table 10 
Proposed Technology Options for the Meat Processing Industry (EPA, 2002) 
Technology Options 
Direct Discharger Indirect Discharger 
 
 
Treatment Units 1 2 3 4 5 1 2 3 4 
Screen X X X X X X X X X 
Dissolved air flotation (DAF) X X X X X X X X  X 
Equalization tank      X X X X 
Anaerobic lagoon X X X X X     
Biological treatment with nitrification X X X X X  X X X 
Biological treatment with nitrification and 
denitrification 
  X X X   X X 
Biological treatment with nitrification and  
denitrification and phosphorus removal 
   X X    X 
Filter     X     
Ultraviolet (UV) disinfection X X X X X     
X: treatment unit is required for that option. 
 
Removal Efficiencies 
 The most important aspect of treatment technologies are their removal 
efficiencies, namely their abilities to remove the contaminants they are installed to 
control.  By comparing technology loading against baseline loading, it is possible to 
calculate removal efficiencies.  For example, comparing Table 8 versus Table 11 will 
allow the researcher to determine the percent efficiency in removing each of the 
pollutants of concern (POC).  Table 11 was developed by the EPA (2002) in order to give 
values of the expected effluent strength following application of the selected 
technologies.   
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Table 11 
Average Technology Option Concentrations for R12 Indirect Dischargers (EPA, 2002) 
 
 
Pollutant of Concern PSES 1 PSES 2 PSES 3 PSES 4 Units 
5-Day biochemical oxygen demand 
(BOD5) 
 
1,298 
 
3.31 
 
4.72 
 
3.25 
 
mg/L 
Total suspended solids (TSS) 537.4 12.78 8.20 7.77 mg/L 
Hexane extractable material (HEM) 24.14 3.84 8.83 1.74 mg/L 
Fecal coliform bacteria 1,653,717 1,332,308 7,328 3,859 cfu/100 mL 
Ammonia as nitrogen 575.1 0.215 8.21 6.35 mg/L 
Carbaryl N/A N/A N/A N/A  
Carbonaceous biochemical oxygen 
demand (CBOD) 
 
1,098 
 
2.96 
 
7.45 
 
4.97 
 
mg/L 
Chemical oxygen demand (COD) 2,032 32.65 30.34 22.11 mg/L 
Chloride N/A 386.5 N/A 407.8 mg/L 
Dissolved biochemical oxygen 
demand 
 
672.0 
 
1.16 
 
2.42 
 
0.725 
 
mg/L 
Dissolved phosphorus 20.69 9.20 4.65 0.179 mg/L 
Nitrate-nitrite N/A N/A N/A N/A  
Total nitrogen 304.2 126.0 16.49 7.96 mg/L 
Orthophosphate 22.84 9.23 7.43 1.54 mg/L 
Total dissolved solids (TDS) N/A 1,561 N/A 1,139 mg/L 
Total Kjeldahl nitrogen (TkN) 303.8 1.29 4.11 3.07 mg/L 
Total organic carbon 192.5 0.811 4.66 N/A mg/L 
Total phosphorus 33.36 10.52 7.11 3.21 mg/L 
Using the comparison of Tables 8 and 11 described above serves to allow the 
researcher to determine accurate degrees of pollutant removals.  Comparing technology 
option concentrations with baseline concentrations gives a percent removal efficiency 
using the following method: 
1. Divide (technology option concentration) / (baseline concentration) 
2. subtract the answer from one, and  
3. Multiply by 100 to give percent removal. 
Example (PSNS-3): 
 BOD5:  1. (4.72 mg/L) / (1083 mg/L) = 0.00436 
2. 1 – 0.00436 = 0.99564 
3. 0.99564 x 100 = 99.56% removal efficiency 
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Comparing these two tables gives the reduction values for the following pollutants of 
concern (POC) using PSNS-2 and PSNS-3: BOD5, TSS, FOG (HEM), TkN, and total P.  
The results are given in Table 12: 
Table 12 
Pollutant Removals of Selected POC’s (Percent Reduction) 
 PSNS – 2  PSNS – 3 
BOD5 99.7% 99.6% 
TSS 97.8% 98.6% 
FOG (HEM) 96.7% 92.4% 
TkN 99.4% 98.2% 
Total P 78.4% 85.4% 
Note: PSNS = Pretreatment Standards for New Sources 
Capital and Construction Costs 
 In the earlier referenced article by Rahn (2003), Quality Beef set aside $2,000,000 
to install a pretreatment facility in order to reduce their wastewater effluent strengths to a 
level low enough where they would be able to discharge them into the Wisconsin Rapids 
sewer system and ultimately the POTW.  However, according to the EPA (2002), in order 
to estimate overall construction costs, it becomes necessary to insert additional costs in 
order to achieve the ultimate capital costs.  Adding the various associated costs, including 
piping, instrumentation, engineering and contingency costs gives a value for total capital 
costs, a value that the EPA estimates at 1.69 times the cost of construction alone.  Table 
13 below gives cost factors used to estimate Quality Beef’s capital costs on the 
$2,000,000 investment (EPA, 2002): 
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Table 13 
Cost Factors Used to Estimate Capital Costs 
Cost Item Cost Factor (Percentage 
of Construction Costs) 
Costs to Quality Beef 
Construction cost 100 $2,000,000 
Piping 17 $340,000 
Instrumentation and        
Controls 
13 $260,000 
Engineering 19.5 $390,000 
Contingency 19.5 $390,000 
Total capital cost 169 $3,380,000 
Note: This table assumes Quality Beef did not include capital costs into the $2,000,000. 
Therefore, Quality Beef’s original investment of $2,000,000 could end up costing the 
company over $3,000,000 before technology is even installed into the pretreatment 
facility, if the cooperative did not include capital costs into their original dollar amount. 
Water and Public Utility Costs 
 Water usage is very high in the meat processing industry, due to the strict hygiene 
standards placed on abattoirs by the USDA in order to prevent food contamination.  As 
was explained in Chapter two, many different phases of beef processing require large 
amounts of water that must be supplied by Wisconsin Rapids’ municipal water supply.  
Since Quality Beef’s water demand of between 500,000 and 750,000 gallons per day is 
being spread out over the city’s four well systems, there is little danger of overloading the 
city’s available water supply (Wisconsin Rapids Common Council, 2003).  However, the 
city does impose flow rate charges, which are then paid by Quality Beef on a regular 
basis.  As of 2003, the current flow charge for Wisconsin Rapids municipal water usage 
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is $3.18 per 1000 gallons.  Thusly, Quality Beef’s water usage would be calculated using 
the following equation: 
 500,000 gallons / 1000 gallons = 500 ($3.18 / 1000 gallons) = $1590 / day 
 750,000 gallons / 1000 gallons = 750 ($3.18 / 1000 gallons) = $2385 / day 
Therefore, Quality Beef will be incurring flow rate surcharges in the range of $1590 to 
$2385 per day, which calculates to an annual charge of $413,400 to $620,100.  This only 
includes charges for days on which the facility is operating, as it is not possible to 
estimate water usage on non-processing days.  If the facility operates on more than five 
days per week, the charges would increase as well.   
 While water is a large expense for the meat processing industry, electricity is also 
needed to operate the primary facilities as well as their pretreatment plant.  Overall 
facility energy costs can be estimated using Table 14 below, along with the default 
energy charge of $0.08 per kWH (EPA, 2002); 
Table 14 
Total Energy Usage for Indirect Dischargers 
 
40 CFR 432 Subcategory  
Groupings 
 
Total Baseline Energy 
(KWh/yr) 
A, B, C, D 280,799,419 
E, F, G, H, I 118,919,076 
J 69,596,688 
K 384,558,363 
L 115,134,700 
       Units are in kWH/yr 
       Estimated using CAPDET 
 
Applying the values from Table 14, along with the national default electric surcharge of 
$0.08 per kilowatt-hour (kWH) yields the following baseline energy costs: 
280,799,419 kWH / year ($0.08 / kWH) = $22,463,953.52 / year 
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 According to EPA studies and surveys, the following power usage (in kilowatt-
hours per year) would be typical of a similar size and type of facility using the selected 
technology options (included in Appendix A): 
 PSNS – 2 = 599,067,236 kWH / year 
 PSNS – 3 = 424,113,474 kWH / year 
 Using the current default power surcharge rate of $0.08 per kWH (EPA, 2002) 
gives the following electric usage costs: 
 PSNS – 2 = $47,925,378.88 per year 
 PSNS – 3 = $33,929,077.92 per year 
Sludge Removal Costs 
 Another associated cost in the meat processing industry is disposal of the sludge 
which results following wastewater treatments.  In 1995, the rate for sludge disposal was 
$2.30 per ton, assuming sludge composition of 50% water.  Using Table 15, the 
following are estimates of the baseline amount of sludge generated: 
Table 15 
Total Baseline Sludge Generated for Indirect Dischargers (tons / year) (EPA, 2002) 
40 CFR 432  
Subcategory 
Groupings 
 
PSNS 1 
DAF 
 
PSNS 2 
Nitrification 
 
PSNS 3 
Nit./De-nit. 
A, B, C, D 63,466 291,033 250,477
E, F, G, H, I 2,900 60,670 51,197
J 9,552 20,778 18,732
K 38,518 226,433 201,043
L 2,588 63,573 56,154
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Assuming the default sludge removal charge, the following values are generated: 
 PSNS – 2 = $669,375.90 
PSNS – 3 = $576,097.10 
Overall Technology Costs 
 There are many costs which are dependent on technology, but also others that are 
required regardless of treatment systems used, such as water, power, and construction of 
the pretreatment facility.  However, adding the technology specific costs together can 
give an estimation of the cost effectiveness of each technology option.  This information 
will be given in Table 16 below: 
Table 16 
Summary of Costs Associated With Treatment Technologies 
Associated Costs PSES – 2  PSES – 3  
Construction costs $3,380,000 $3,380,000 
Water usage $413,400 - $620,100 $413,400 - $620,100 
General electricity usage $22,463,953.52 $22,463,953.52 
Technology-specific 
electricity usage 
$47,925,378.88 $33,929,077.92 
Sludge generated $669,375.90 $576,097.10 
Total  annual costs $74,852,108.30 –  
$75,058,808.30 
$60,762,528.54 –  
$60,969228.54 
 
Quantity / Quality Program 
 With the treatment options describes in detail earlier, there is also one more 
option for Quality Beef for altering their wastewater treatment costs.  The Wisconsin 
Rapids Wastewater Treatment Facility offers a program to its industries called the 
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quantity / quality program, which is essentially an incentive program to encourage 
businesses and industries to supply the POTW with reduced strength effluent streams.  
According to Dale Hexom, city Public Works Director, the city offers either chargebacks 
or reductions in water usage flow rates for cleaner water being sent to the treatment 
facility.  In this program, businesses are encouraged to reduce the strength of their 
effluent streams to levels near that of domestic wastewater (300 mg/L for BOD and TSS) 
using available treatment technologies at their facilities.  If the water comes in at or 
below domestic strength, reductions are made in flow charges according to the 
cleanliness of the effluent stream.  If wastewater comes in stronger than domestic, 
Quality Beef is charged according to the relative strength and the ability of the POTW to 
handle the increased contaminant load.   
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CHAPTER FIVE 
Conclusions, Discussion, and Recommendations 
The original purpose of this study was to determine whether the Wisconsin 
Rapids Wastewater Treatment Facility would be able to accommodate the additional 
water, chemical and organic contaminant loads that would be imposed on it as a result of 
a proposed beef processing facility being located in the West-side Industrial Park.   
The methodology of this study was to weigh the water usage and contaminant 
loads that would directly result from the facility being located in the city with the current 
resources of the POTW as well as the natural resources of Wisconsin Rapids itself.  The 
goals of this study were as follows: 
? Determine the maximum water usage available for use by the beef processing 
facility, 
? Weigh the chemical contaminant load resulting from the proposed facility against 
the current capabilities of the POTW, 
? Obtain data concerning the amount of organic wastes that would be introduced 
into the system using biochemical oxygen demand (BOD) and total suspended 
solids (TSS) as benchmarks, and 
? Ascertain the associated costs of additional treatment requirements on Quality 
Beef Processors, LLC as well as the city of Wisconsin Rapids.  
Methods and Procedures 
 The methodology of this study was to evaluate the “average” beef processing 
facility in order to gain an accurate estimate of the water usage, chemical contamination, 
and organic loading being placed upon the resources of the city.  Using industry averages 
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and data from similar processing facilities, the resulting wastewater effluents were 
evaluated to determine their relative contaminant levels and from this, recommend the 
appropriate treatment technology to reduce the effluent strength to a level that would be 
able to be treated by the city’s POTW.   
Major Findings 
 The major findings of this study were as follows: 
Water Usage 
1. The amount of water that would be used by the Quality Beef Processors, 
LLC facility would not place an unnecessary danger to the water table or 
municipal water supply of Wisconsin Rapids.   
2. The estimated daily water usage of 500,000 to 750,000 gallons also would 
not place undue stress on the POTW, as the facility has a surplus amount 
of 1,800,000 gallons in treatment capacity. 
3. The water demand from the city would be spread over the four well 
systems currently in use, which would minimize the impact on any one 
well at any time. 
Chemical Contaminant Loadings 
1. While the chemical contaminant load introduced into the raw wastewater 
is relatively high strength, treatment technologies and control strategies 
are available that would lower the contaminant concentrations to a level 
that would not present a problem for treatment, either by Quality Beef or 
by the POTW. 
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2. Simple changes in processes, such as maximizing cleaning abilities while 
conserving detergents, which are typically high in chemical concentrations 
can, not only reduce the effluent strength, but also save money in time. 
Organic Loadings (BOD and TSS) 
1. Organic wastes, such as BOD and TSS are present in high concentrations 
in the wastewater streams, but not at a level that would cause the POTW 
to exceed its NPDES permit.   
2. Control strategies, such as extension of bleeding times and effective 
manure handling are available that would serve to reduce the organic 
loadings to relatively non-dangerous levels. 
3. Treatment technologies are also available, such as screens and dissolved 
air flotation (DAF), which when operated and maintained properly, can 
greatly reduce the amount of organics being introduced into the effluent 
streams.   
Treatment Technologies, Strategies and Cost Effectiveness 
1. Treatment technologies currently available are over 99 percent effective in 
removing the main pollutants of concern, including BOD, TSS, and 
phosphorus. 
2. By following the EPA’s recommendations of appropriate treatment 
systems, Quality Beef can maintain a clean work environment as well as 
keeping the surrounding environment contaminant-free as well. 
3. Utilizing a PSNS – 2 or PSNS – 3 system, which consists of screens, 
dissolved air flotation systems, and biological treatment using nitrification 
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and denitrification will be effective in treating wastewater effluents to a 
level that is within local, state and federal limits. 
4. PSNS – 2 and PSNS – 3 systems are essentially the same technologies, 
with PSNS – 3 being both more effective in pollutant removal and more 
cost efficient to Quality Beef as well as the city of Wisconsin Rapids. 
5. Installation and operating costs of treatment technologies are initially high, 
but if the best available methods are installed, retrofitting costs can be 
avoided and additional treatment costs will not be incurred on the part of 
Quality Beef. 
6. It may however, be necessary to build a “safety margin” into the 
pretreatment facility, as possible changes are being considered in the 
Wisconsin Rapids POTW’s NPDES permit regarding ammonia and total 
kjeldahl nitrogen (TkN). 
Figure 5 is an overview and schematic of the recommended PSNS – 2 treatment 
technology from the Environmental Protection Agency (2002): 
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Figure 5 
Treatment Technology for PSNS – 2  
 
Conclusions 
 While the beef processing industry is one that by its very nature has high strength 
effluents as well as high concentrations of chemical and organic contaminant loadings, 
the combination of available technology as well as applicable regulations is sufficient to 
motivate Quality Beef Processors, LLC to maintain a state-of-the-art facility which will 
not only be safe for workers and the environment, but cost effective as well.   
 Simple changes in practices from those used historically are sufficient to reduce 
the amount of water being used in the proposed facility.  While state and federal 
regulations require extensive cleaning and other hygiene-related conditions to be present 
at all times, simple changes, such as high-pressure, low-volume water nozzles can serve 
to maintain the degree of cleanliness required in the abattoir.   
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Recommendations 
 Although beef processing is an age-old industry, advances are constantly being 
made to make the facilities not only safer, but more efficient and cost-effective as well.  
Simply by utilizing the best available technology, namely a PSNS – 3 setup, Quality Beef 
can keep themselves current for much longer than if they would install and implement an 
inferior system.  Also, implementing necessary changes in workplace practices and 
controls will reduce water usage, chemical and organic loadings without having to install 
millions of dollars worth of unnecessary equipment. 
Recommendations for Further Study 
1. Continuous monitoring needs to be conducted not only by Quality Beef, 
but also by the Wisconsin Rapids POTW in order to preserve the integrity 
of the wastewater treatment systems on part of both parties.   
2. If the proposed facility is constructed, a full assessment of the specific 
plant needs to be conducted to determine if the industry averages would 
pertain to the exact operations and dimensions of the realized workplace. 
3. Currently available treatment technologies should constantly be 
reevaluated and determinations need to be made to ascertain if the best 
treatment systems are in place at the time.     
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APPENDIX A 
Industry Average Data 
Average Baseline Concentrations for R12 Indirect Dischargers (EPA, 2002) 
 
Summary of Raw Waste Characteristics for Simple Slaughterhouses (Randolph Packing 
Company, 1986) 
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APPENDIX B 
Treatment Technology Usage and Removal Efficiencies 
Proposed Technology Options for the Meat Processing Industry (EPA, 2002) 
 
Distribution of Wastewater Treatments in the Meat Processing Industry (EPA, 2002) 
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Average Technology Option Concentrations for R12 Indirect Dischargers (EPA, 2002) 
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APPENDIX C 
Tables for Cost Estimation 
Cost Factors Used to Estimate Capital Costs (EPA, 2002) 
 
Cost Factors Used in Centralized Waste Treatment Industry and the Selected Cost Factors 
for the Meat Processing Industry (EPA, 2002) 
 
Total Energy Usage for Indirect Dischargers (EPA, 2002) 
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Energy Usage for Non Small Indirect Discharges per Treatment Option (EPA, 2002) 
 
Total Baseline Sludge Generation for Non-Small Indirect Dischargers (EPA, 2002) 
 
Technology Option Sludge Generation for Non-Small Indirect Dischargers (EPA, 2002) 
 
 
 
